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or side chain of polymer skeleton and a group that is 
decomposed by the action of an acid to increase solu- 
bility in an alkali developer and (B) an acid generator 



capable of generating an acid upon irradiation of an ac- 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a positive resist composition suitably used in a microlithography process, for 
example, the production of VLSI and high capacity microtips, and in other photofabrication processes. More particularly, 
the present invention relates to a positive resist composition capable of forming a highly precise pattern using a vacuum 
ultraviolet ray of not more than 1 60 nm as a light source for exposure. 

10 BACKGROUND OF THE INVENTION 

[0002] The degree of integration of integrated circuits has recently become much higher, and the processing of 
ultrafine patterns having a line width of a quarter micron or below is required in the production of semiconductor sub- 
strate, for example, VSLI. It is known to make an exposure light source for use in the production of resist pattern shorter 

15 as one means for the formation of fine pattern. 

[0003] For instance, in the production of semiconductor device having the degree of integration up to 64 Mbits, an 
i-line (365 nm) of high pressure mercury lamp has been employed as the light source. As a positive resist corresponding 
to the light source, a large number of compositions containing a novolak resin and a naphthoquinone diazide compound 
as a photosensitive substance have been developed. These compositions have achieved full success in the processing 

20 of linewidth up to about 0.3 |iim. Also, in the production of semiconductor device having the degree of integration of 
256 Mbits or more, a KrF excimer laser beam (248 nm) is employed as the light source in place of the i-line. 
[0004] In recent years, for the purpose of the production of semiconductor device having the degree of integration 
of 1 Gbit or more, as a light source having shorter wavelength, the use of an ArF excimer laser beam (193 nm) and 
further, the use of an F2 excimer laser beam (157 nm) in order to form a pattern of not more than 0.1 \im have been 

25 investigated. 

[0005] In response to such a trend of using light source having a shorter wavelength, constituents of the resist ma- 
terials and structure of compounds used for the constituents have been greatly changed. Specifically, since the con- 
ventional resist material containing a novolak resin and a naphthoquinone diazide compound has a large absorption 
in a far ultraviolet region of around 248 nm, it is hard for the exposure light to adequately reach to the bottom of resist 

30 layer. As a result, the resist material has low sensitivity and can merely provide a tapered pattern. 

[0006] In order to resolve such problems, a composition in which a resin including a basic skeleton of poly (hydrox- 
ystyrene) that has a small absorption in the region of around 248 nm and being protected by an acid-decomposable 
group is used as the main component and a compound that generates an acid upon irradiation of a far ultraviolet ray 
(a photo-acid generator) is used in combination, that is a so-called chemical amplification resist has been developed. 

35 The chemical amplification resist has high sensitivity and can form a pattern of high resolution because the solubility 
thereof in a developer is changed by a catalytic decomposition reaction of an acid generated in the irradiated area. 
[0007] However, in case of using an ArF excimer laser beam (1 93 nm), the above-described chemical amplification 
resist is still in sufficient for providing satisfactory performances since a compound containing an aromatic group es- 
sentially has a large absorption in the region of around 193 nm. 

40 [0008] In order to solve the problem, improvement of the chemical amplification resist has been made by replacing 
the acid-decomposable resin including a basic skeleton of poly (hydroxystyrene) with an acid-decomposable resin in 
which an alicyclic structure that does not have an absorption in the region of around 1 93 nm is introduced into the main 
chain or side chain thereof. 

[0009] It has been found in case of using an F2 excimer laser beam (157 nm), however, that since the above-de- 
45 scribed alicyclic group-containing resin still has a large absorption in the region of around 157 nm, it is insufficient for 
obtaining the desired pattern of not more than 0.1 jim. In the circumstances, it is reported that a resin having a fluorine 
atom (a perfluoro structure) introduced therein has sufficient transparency in the region of around 157 nm in Proc. 
SPIE., Vol. 3678, Page 13 (1 999). Structures of effective fluorine resins are also proposed, for example, in Proc. SPIE. , 
Vol. 3999, page 330 (2000), ibid., page 357 (2000), ibid., page 365 (2000) and WO 00/1 771 2. 
50 [0010] However, a resist containing such a fluorine resin is not always satisfactory with respect to dry etching resist- 
ance. It is also desired to improve a coating property (uniformity of coated surface) caused by the unique water-repellent 
and oil-repellent properties due to the perfluoro structure and to prevent development defect. 

[001 1] Further, when the resolution of lithography comes close to the limit in accordance with the miniaturization of 
processing size of pattern, it is difficult to ensure sufficient defocus latitude. Thus, a resist having a broad defocus 
55 latitude has been desired. The term "resist having a broad defocus latitude" means a resist in which variation of linewidth 
based on the defocus is small. 

[0012] Moreover, when a contrast of image formation becomes poor in accordance with the miniaturization of 
processing size of pattern, a boundary region between the exposed area and the unexposed area becomes fuzzy and 
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uniformity of edge of line pattern (line edge roughness) remarkably gets worth. Thus, solution of such a problem has 
also been desired. 

SUMMARY OF THE INVENTION 

[0013] Therefore, an object of the present invention is to provide a positive resist composition suitable for using an 
exposure light source having a wavelength of not more than 1 60 nm, particularly an F2 excimer laser beam (1 57 nm). 
[0014] Another object of the present invention is to provide a positive resist composition, which exhibits sufficient 
transmittancy in case of using an exposure light source of 157 nm and has a broad defocus latitude. 
[0015] A further object of the present invention is to provide a positive resist composition, which exhibits sufficient 
transmittancy in case of using an exposure light source of 157 nm, has a broad defocus latitude, and forms a resist 
film that is substantially completely dissolved upon development with a developer without concerns about photo- 
crosslinking. 

[0016] A still further object of the present invention is to provide a positive resist composition, which exhibits sufficient 
transmittancy in case of using an exposure light source of 157 nm, has a broad defocus latitude, and reduces the 
degree of line edge roughness. 

[0017] Other objects of the present invention will become apparent from the following description. 
[001 8] As a result of the intensive investigations on the above-described performances of positive resist composition, 
it has been found that the objects of the present invention are accomplished by using the specific composition described 
below to complete the present invention. 

[0019] Specifically, the present invention has the following configuration. 

(1 ) A positive resist composition comprising (A) a fluorine group-containing resin, which has a structure substituted 
with a fluorine atom in the main chain and/or side chain of polymer skeleton and a group that is decomposed by 
the action of an acid to increase solubility in an alkali developer and (B) an acid generator capable of generating 
an acid upon irradiation of an actinic ray or radiation, and the acid generator of (B) is a compound selected from 
a sulfonium salt containing no aromatic ring and a compound having a phenacylsulfonium salt structure. 

BRIEF DESCRIPTION OF THE DRAWING 

[0020] Fig. 1 is a view showing a footing profile of resist pattern for the evaluation in the present invention. 
DETAILED DESCRIPTION OF THE INVENTION 

[0021] The present invention also includes the following preferred embodiments. 

(2) The positive resist composition as described in item (1) above, wherein the fluorine group-containing resin of 
(A) is a resin containing at least one moiety selected from a perfluoroalkylene group and a perfluoroarylene group 
in the main chain of polymer skeleton or a resin containing at least one moiety selected from a perfluoroalkyl group, 
a perfluoroaryl group, a hexafluoro-2-propanol group and a group obtained by protecting the hydroxy group of 
hexafluoro-2-propanol group in the side chain of polymer skeleton. 

(3) The positive resist composition as described in item (1) or (2) above, wherein the fluorine group-containing 
resin of (A) has at least one of repeating units represented by the following formulae (I) to (X): 





(I) 



(U) 



(in) 
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~fCH 2 CH-)- 

CH 2 CF 3 

CF 3 



(TV) 




Rs 

-f-CHi-C-)- 



sf CF 3 a 2 - 

CFg 

(V) (VI) 



CF 3 
CF 3 




(X) 



wherein R 0 and R 1 each represent a hydrogen atom, a fluorine atom, an alkyl group which may have a substituent, 
a perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; R 2 to R 4 each represent an alkyl group which may have a substituent, a 
perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; or R 0 and R 1? R 0 and R 2 or R 3 and R 4 may be combined with each other to 
form a ring; R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group 
which may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl 
group which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , 
which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may 
have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group which may have a 
substituent; R 9 and R 10 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent or a haloalkyl group which may have a substituent; 
R^ and R 12 , which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen 
atom, a cyano group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may 
have a substituent or an aryl group which may have a substituent; R 13 and R 14 , which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent 
or a haloalkyl group which may have a substituent; R 15 represents an alkyl group having a fluorine atom, a mono- 
cyclic or polycyclic cycloalkyl group having a fluorine atom, an alkenyl group having a fluorine atom, an aralkyl 
group having a fluorine atom or an aryl group having a fluorine atom; R 16 , R 17 and R 18 , which may be the same 
or different, each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent, a perfluoroalkyl group which may have a substituent, an alkoxy group which may have a substituent 
or -CO-0-R 15 ; R 19 , R 20 and R 21 , which may be the same or different, each represent a hydrogen atom, a fluorine 
atom, an alkyl group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a fluorine atom, 



EP 1 319 981 A2 



an alkenyl group having a fluorine atom, an aralkyl group having a fluorine atom, an aryl group having a fluorine 
atom or an alkoxy group having a fluorine atom, provided that at least one of R 19 , R 20 and R 21 is a substituent 
other than a hydrogen atom; A 1 and A 2 each represent a single bond, a divalent group selected from an alkylene 
group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a substituent, 
-0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, each represent 
a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group 
and an arylene group, each of which may have an ether group, an ester group, an amido group, a urethane group 
or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may 
have a substituent; n represents 0 or 1 ; and x, y and z each represent an integer of from 0 to 4. 
(4) The positive resist composition as described in any one of items (1) to (3) above, wherein the fluorine group- 
containing resin of (A) further has at least one of repeating units represented by the following formulae (XI) to (XIII): 



R26 R27 

+CH-C-)- 
A 3 

R 28 



(XI) 




T 32 



-(-CH 2 C-)- 
A 4 



R30 R 31q 



R 28 



(XII) 



0-R33 
(xra) 



wherein R 26 , R 27 and R 32 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent or a haloalkoxy group which may have a substituent; 
R 28 and R 33 each represent -C(R 36 ) (R 37 ) (R 38 ), -C(R 36 ) (R 37 ) (OR 39 ) or a group represented by the following 
formula (XIV): 

Cxrv) 



wherein R 29 , R 30 and R 31 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent, a perfluoroalkyl group which may have a substituent, 
an alkoxy group which may have a substituent or -COO-R 28 ; R 34 and R 35 , which may be the same or different, 
each represent a hydrogen atom, a hydroxy group, a halogen atom, a cyano group, an alkoxy group, an acyl group, 
an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group 
which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may have a 
substituent; R 36 , R 37 , R 38 and R 39 , which may be the same or different, each represent an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substit- 
uent, an alkynyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl 
group which may have a substituent; or two of R 36 , R 37 and R 38 or two of R 36 , R 37 and R 39 may be combined with 
each other to form a ring which may contain an oxo group; R 40 represents an alkyl group which may have a 
substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substituent, an 
alkynyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which 
may have a substituent; A 3 and A 4 each represent a single bond, a divalent group selected from an alkylene group, 
an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a substituent, 
-0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, each represent 
a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group 
and an arylene group, each of which may have an ether group, an ester group, an amido group, a urethane group 
or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may 
have a substituent; Z represents an atomic group necessary for forming a monocyclic or polycyclic alicyclic group 
together with the carbon atom; and n represents 0 or 1 . 
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(5) The positive resist composition as described in any one of items (1) to (4) above, wherein the fluorine group- 
containing resin of (A) further has at least one of repeating units represented by the following formulae (XV) to 
(XVII): 



R42 

(XV) (XVI) (XVII) 

wherein R 41 represents an alkyl group which may have a substituent, a cycloalkyl group which may have a sub- 
stituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; R 42 rep- 
resents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent or a 
haloalkyl group which may have a substituent; A 5 represents a single bond, a divalent group selected from an 
alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a 
substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, 
each represent a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cy- 
cloalkylene group and an arylene group, each of which may have an ether group, an ester group, an amido group, 
a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, 
a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl group 
which may have a substituent. 

(6) The positive resist composition as described in any one of items (1) to (5) above, wherein the fluorine group- 
containing resin of (A) has at least one of repeating units represented by the following formulae (I) to (III) and at 
least one of repeating units represented by the following formulae (IV) to (VI): 



Ro 

(I) 



(11) 



R3-O o— R 4 

(111) 



-{-CH 2 -ChH- 



CH 2 CF3 



0-R5 

CF 3 




(TV) 



Rf R 7 R^+ 3 °- R5 
CF 3 

(V) 



R 9 

■fcH 2 -<H- 

<\ 9 F 3 



\ _T_ 3 

CF 3 



(VI) 



0-R s 



wherein R 0 and R 1 each represent a hydrogen atom, a fluorine atom, an alkyl group which may have a substituent, 
a perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; R 2 to R 4 each represent an alkyl group which may have a substituent, a 
perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; or R 0 and R 1? R 0 and R 2 or R 3 and R 4 may be combined with each other to 
form a ring; R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group 
which may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl 
group which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , 
which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may 
have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group which may have a 
substituent; R 9 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent or a haloalkyl group which may have a substituent; A-| and A 2 each represent a single bond, a divalent 
group selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each 
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of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 2 5-; R 22 , R 23 and R 25 , which may be 
the same or different, each represent a single bond or a divalent group selected from an alkylene group, an alke- 
nylene group, acycloalkylene group and an arylene group, each of which may have an ether group, an ester group, 
an amido group, a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent 
or an aryl group which may have a substituent; and n represents 0 or 1 . 

(7) The positive resist composition as described in any one of items (1) to (5) above, wherein the fluorine group- 
containing resin of (A) has at least one of repeating units represented by the following formulae (IV) to (VI) and at 
least one of repeating units represented by the following formulae (VIII) to (X): 




0-R 5 



(IV) 



(V) 



(VI) 



Ris 

(VIII) 




(Riot 




( R 2or 



(X) 



(R 2 t) 



wherein R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group which 
may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl group 
which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , which 
may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may have 
a substituent, a perfluoroalkyl group wh ich may have a substituent or an alkoxy g roup which may have a substituent; 
R 9 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent or 
a haloalkyl group which may have a substituent; R 13 and R 14 , which may be the same or different, each represent 
a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent or a haloalkyl 
group which may have a substituent; R 15 represents an alkyl group having a fluorine atom, a monocyclic or poly- 
cyclic cycloalkyl group having a fluorine atom, an alkenyl group having a fluorine atom, an aralkyl group having a 
fluorine atom or an aryl group having a fluorine atom; R 16 , R 17 and R 18 , which may be the same or different, each 
represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent, a 
perfluoroalkyl group which may have a substituent, an alkoxy group which may have a substituent or -CO-0-R 15 ; 
R 19 , R 20 and R 21 , which may be the same or different, each represent a hydrogen atom, a fluorine atom, an alkyl 
group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a fluorine atom, an alkenyl group 
having a fluorine atom, an aralkyl group having a fluorine atom, an aryl group having a fluorine atom or an alkoxy 
group having a fluorine atom, provided that at least one of R 19 , R 20 and R 21 is a substituent other than a hydrogen 
atom; A 1 and A 2 each represent a single bond, a divalent group selected from an alkylene group, an alkenylene 
group, acycloalkylene group and an arylene group, each of which may have asubstituent, -0-CO-R 22 -, -CO-0-R 23 - 
or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, each represent a single bond or a 
divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, 
each of which may have an ether group, an ester group, an amido group, a urethane group or a ureido group; R 24 
represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may have a 
substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; n 
represents 0 or 1 ; and x, y and z each represent an integer of from 0 to 4. 
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(8) The positive resist composition as described in any one of items (1) to (5) above, wherein the fluorine group- 
containing resin of (A) has at least one of repeating units represented by the following formulae (IV) to (VII) and 
at least one of repeating units represented by the following formulae (XV) to (XVII): 




(VII) 



wherein R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group which 
may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl group 
which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , which 
may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may have 
a substituent, a perfluoroalkyl group wh ich may have a substituent or an alkoxy g roup which may have a substituent; 
R 9 and R 10 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a cyano group, 
an alkyl group which may have a substituent or a haloalkyl group which may have a substituent; R^ and R 12 , 
which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen atom, a cyano 
group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl group which may 
have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have a substituent 
or an aryl group which may have a substituent; A 1 and A 2 each represent a single bond, a divalent group selected 
from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may 
have a substituent, -OCO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or 
different, each represent a single bond or a divalent group selected from an alkylene group, an alkenylene group, 
a cycloalkylene group and an arylene group, each of which may have an ether group, an ester group, an amido 
group, a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a 
substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or 
an aryl group which may have a substituent; n represents 0 or 1 ; R 41 represents an alkyl group which may have 
a substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or 
an aryl group which may have a substituent; R 42 represents a hydrogen atom, a halogen atom, a cyano group, an 
alkyl group which may have a substituent or a haloalkyl group which may have a substituent; and A 5 represents 
a single bond, a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group and 
an arylene group, each of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -. 
(9) The positive resist composition as described in item (1) above, wherein the fluorine group-containing resin of 
(A) is a resin having at least one repeating unit represented by the following formula (IA) and at least one repeating 
unit represented by the following formula (IIA): 



8 



EP 1 319 981 A2 




-R7 a/ ,Rs3a 
OR 56a R55a 



(I A) 



(IIA) 



wherein R 1a and R 5a , which may be the same or different, each represent a hydrogen atom, a halogen atom, a 
cyano group or an alkyl group which may have a substituent; R 2a , R 3a , R 6a and R 7a , which may be the same or 
different, each represent a hydrogen atom, a halogen atom, a cyano group, a hydroxy group, an alkyl group which 
may have a substituent, a cycloalkyl group which may have a substituent, an alkoxy group which may have a 
substituent, an acyl group which may have a substituent, an acyloxy group which may have a substituent, an 
alkenyl group which may have a substituent, an aryl group which may have a substituent or an aralkyl group which 
may have a substituent; R 50a to R 55a , which may be the same or different, each represent a hydrogen atom, a 
fluorine atom or an alkyl group which may have a substituent, provided that at least one of R 50a to R 55a represents 
a fluorine atom or an alkyl group in which at least one of the hydrogen atoms is substituted with a fluorine atom; 
R 56a represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may 
have a substituent, an acyl group which may have a substituent or an alkoxycarbonyl group which may have a 
substituent; R 4a represents a group represented by the following formula (IVA) or (VA): 



wherein R 11a , R 12a and R 13a , which may be the same or different, each represent an alkyl group which may have 
a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substituent, 
an aralkyl group which may have a substituent or an aryl group which may have a substituent; R 14a and R 15a , 
which may be the same or different, each represent a hydrogen atom or an alkyl group which may have a substit- 
uent; R 16a represents an alkyl group which may have a substituent, a cycloalkyl group which may have a substit- 
uent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; or two of R 14a 
to R 16a may be combined with each other to form a ring. 

(1 0) The positive resist composition as described in item (1 ) above, wherein the fluorine group-containing resin of 
(A) is a resin having at least one repeating unit represented by the following formula (IIA) and at least one repeating 
unit represented by the following formula (VIA): 



wherein R 5a represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a 
substituent; R 6a and R 7a , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, a hydroxy group, an alkyl group which may have a substituent, a cycloalkyl group which may have 
a substituent, an alkoxy group which may have a substituent, an acyl group which may have a substituent, an 
acyloxy group which may have a substituent, an alkenyl group which may have a substituent, an aryl group which 
may have a substituent or an aralkyl group which may have a substituent; R 50a to R 55a , which may be the same 
or different, each represent a hydrogen atom, a fluorine atom or an alkyl group which may have a substituent, 
provided that at least one of R 50a to R 55a represents a fluorine atom or an alkyl group in which at least one of the 




(IVA) 




R fi1a Rs2a 



(IIA) 
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hydrogen atoms is substituted with a fluorine atom; R 56a represents a hydrogen atom, an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an acyl group which may have a substituent 
or an alkoxycarbonyl group which may have a substituent; R 17a1 and R 17a2 , which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a substituent; 
R 18a represents -C(R 18a1 ) (R 18a2 ) (R 18a3 ) or -C(R 18a1 ) (R 18a2 ) (OR 18a4 ); R 18a1 to R 18a4 , which may be the same 
or different, each represent a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group 
which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have 
a substituent or an aryl group which may have a substituent; or two of R 18a1 , Risa2 and R i8a3 or two of R i8ai' 
R 18a2 and R 18a4 may be combined with each other to form a ring; and A 0 represents a single bond or a divalent 
connecting group which may have a substituent. 

(11) The positive resist composition as described in item (10) above, wherein R 18a in formula (VIA) is a group 
represented by the following formula (VIA-A): 



Rl8a5 

Rl8a7 
(VIA-A) 



wherein R 18a5 and R 18a6 , which may be the same or different, each represent an alkyl group which may have a 
substituent; and R 18a7 represents a cycloalkyl group which may have a substituent. 

(12) The positive resist composition as described in item (10) above, wherein R 18a in formula (VIA) is a group 
represented by the following formula (VIA-B): 




(VIA-B) 



wherein R 18a8 represents an alkyl group which may have a substituent, an alkenyl group which may have a sub- 
stituent, an alkynyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl 
group which may have a substituent. 

(1 3) The positive resist composition as described in item (9) or (1 0) above, wherein at least one of R 1 a in formula 
(IA), R 5a in formula (MA) and R 17a2 in formula (VIA) is a trifluoromethyl group. 

(14) The positive resist composition as described in any one of items (9) to (1 3) above, wherein the fluorine group- 
containing resin of (A) further has at least one of repeating units represented by the following formulae (IMA) and 
(VMA): 

Rl9a ffeqa 



RflaTT Cp Riaa 



(IIIA) 



!1. A r CN 
(VIIA) 



wherein R 8a represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a 
substituent; R 9a and R 10a > which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an 
alkoxy group which may have a substituent, an acyl group which may have a substituent, an acyloxy group which 
may have a substituent, an alkenyl group which may have a substituent, an aryl group which may have a substituent 
or an aralkyl group which may have a substituent; R 19a and R 20a , which may be the same or different, each rep- 
resent a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a substituent; R 21a 
represent a hydrogen atom, a halogen atom, an alkyl group which may have a substituent or a group of -ArCN 
wherein A 1 represents a single bond or a divalent connecting group. 

(15) The positive resist composition as described in any one of items (1) to (14) above, which further comprises 
(C) a silicon-based and/or fluorine-based surface active agent. 
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(16) The positive resist composition as described in any one of items (1) to (15) above, which further comprises 
a compound having a basic nitrogen atom as (D) an acid diffusion inhibiting agent. 

(1 7) The positive resist composition as described in any one of items (1 ) to (1 6) above, wherein the acid generator 
of (B) is a compound selected from a sulfonium salt or iodonium salt, which generates a perfluoroalkylsulfonic acid 

5 having at least 2 carbon atoms, a perfluoroarylsulfonic acid or an arylsulfonic acid substituted with a perfluoroalkyl 

group upon irradiation of an actinic ray or radiation. 

(1 8) The positive resist composition as described in any one of items (1 ) to (1 7) above, which is used a vacuum 
ultraviolet ray of not more than 160 nm as a light source for exposure. 

10 [0022] Now, the compounds for use in the positive resist composition of the present invention are described in detail 
below. 

[1] Fluorine group-containing resin of Component (A) of the present invention 

15 [0023] The fluorine group-containing resin of Component (A) of the present invention is a resin characterized by 
having a structure substituted with a fluorine atom in the main chain and/or side chain of polymer skeleton and a group 
that is decomposed by the action of an acid to increase solubility in an alkali developer. The fluorine group-containing 
resin is preferably a resin containing at least one moiety selected from a perfluoroalkylene group and a perfluoroarylene 
group in the main chain of polymer skeleton or a resin containing at least one moiety selected from a perfluoroalkyl 

20 group, a perfluoroaryl group, a hexafluoro-2-propanol group and a group obtained by protecting the hydroxy group of 
hexafluoro-2-propanol group in the side chain of polymer skeleton. 

[0024] Specifically, the fluorine group-containing resin containing an acid-decomposable group has at least one of 
repeating units represented by formulae (I) to (X). Preferably, the fluorine group-containing resin further has at least 
one of repeating units represented by formulae (XI) to (XIII). 

25 [0025] The fluorine group-containing resin may have at least one of repeating units derived from maleic anhydride, 
vinyl ether and a vinyl compound containing a cyano group and represented by formula (XV) to (XVII) respectively in 
order to adjust characteristics of the resin, for example, a hydrophilic/hydrophobic property, a glass transition point or 
transmittancy to exposure light, or to control a polymerization property at the synthesis of the resin. 
[0026] In the formulae, R 0 and R 1 each represent a hydrogen atom, a fluorine atom, an alkyl group which may have 

30 a substituent, a perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent 
or an aryl group which may have a substituent. 

[0027] The term "perfluoroalkyl group which has a substituent" as used herein means a perfluoroalkyl group in which 
one or more of the fluorine atoms are substituted with other atoms and/or groups. 

[0028] R 2 to R 4 each represent an alkyl group which may have a substituent, a perfluoroalkyl group which may have 
35 a substituent, a cycloalkyl group which may have a substituent or an aryl group which may have a substituent. Alter- 
natively, R 0 and R 1? R 0 and R 2 or R 3 and R 4 may be combined with each other to form a ring. 

[0029] R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group which 
may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl group which 
may have a substituent or an alkoxycarbonyl group which may have a substituent. 
40 [0030] R 6 , R 7 and R 8 , which may be the same or different, each represent a hydrogen atom, a halogen atom, an 
alkyl group which may have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group 
which may have a substituent. 

[0031] R 9 and R 10 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a cyano 
group, an alkyl group which may have a substituent or a haloalkyl group which may have a substituent. 
45 [0032] R^ and R 12 , which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen 
atom, a cyano group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl group 
which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have a 
substituent or an aryl group which may have a substituent. 

[0033] R 13 and R 14 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a cyano 
50 group, an alkyl group which may have a substituent or a haloalkyl group which may have a substituent. 

[0034] R 15 represents an alkyl group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a 
fluorine atom, an alkenyl group having a fluorine atom, an aralkyl group having a fluorine atom or an aryl group having 
a fluorine atom. 

[0035] R 16 , R 17 and R 18 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a 
55 cyano group, an alkyl group which may have a substituent, a perfluoroalkyl group which may have a substituent, an 
alkoxy group which may have a substituent or -CO-0-R 15 . 

[0036] R 19 , R 20 and R 21 , which may be the same or different, each represent a hydrogen atom, a fluorine atom, an 
alkyl group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a fluorine atom, an alkenyl group 
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having a fluorine atom, an aralkyl group having a fluorine atom, an aryl group having a fluorine atom or an alkoxy group 
having a fluorine atom, provided that at least one of R 19 , R 20 and R 21 is a substituent other than a hydrogen atom. 
[0037] A 1 and A 2 each represent a single bond, a divalent group selected from an alkylene group, an alkenylene 
group, a cycloalkylene group and an arylene group, each of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - 
5 or -CO-N(R 24 )-R 25 -. 

[0038] R 22 , R 23 and R 25 , which may be the same or different, each represent a single bond or a divalent group 
selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may 
have an ether group, an ester group, an amido group, a urethane group or a ureido group. 

[0039] R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may 
10 have a substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent. 
[0040] R 26 , R 27 and R 32 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a 
cyano group, an alkyl group-which may have a substituent or a haloalkoxy group which may have a substituent. 
[0041] R 28 and R 33 each represent -C(R 36 ) (R 37 ) (R 38 ), -C(R 36 ) (R 37 ) (OR 39 ) or a group represented by the above- 
described formula (XIV). 
15 [0042] 

^29' ^30 anc ' ^31' which rnay be the same or different, each represent a hydrogen atom, a halogen atom, a 
cyano group, an alkyl group which may have a substituent, a perfluoroalkyl group which may have a substituent, an 
alkoxy group which may have a substituent or -CO-0-R 28 . 

[0043] R 34 and R 35 , which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen 
atom, a cyano group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl group 
20 which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have a 
substituent or an aryl group which may have a substituent. 

[0044] R 36 , R 37 , R 38 and R 39 , which may be the same or different, each represent an alkyl group which may have a 
substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substituent, an alkynyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may have 
25 a substituent. Alternatively, two of R 36 , R 37 and R 38 or two of R 36 , R 37 and R 39 may be combined with each other to 
form a ring. The ring formed may also contain an oxo group. 

[0045] R 40 represents an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, 
an alkenyl group which may have a substituent, an alkynyl group which may have a substituent, an aralkyl group which 
may have a substituent or an aryl group which may have a substituent. 
30 [0046] A 3 and A 4 each represent a single bond, a divalent group selected from an alkylene group, an alkenylene 
group, a cycloalkylene group and an arylene group, each of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - 
or -CO-N(R 24 )-R 25 -. 

[0047] Z represents an atomic group necessary for forming a monocyclic or polycyclic alicyclic group together with 
the carbon atom. 

35 [0048] R 41 represents an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, 
an aralkyl group which may have a substituent or an aryl group which may have a substituent. 
[0049] R 42 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent 
or a haloalkyl group which may have a substituent. 

[0050] A 5 represents a single bond, a divalent group selected from an alkylene group, an alkenylene group, a cy- 
40 cloalkylene group and an arylene group, each of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N 
(R 24 )-R 25 -. 

[0051] n represents 0 or 1 , and x, y and z each represent an integer of from 0 to 4. 

[0052] More preferred fluorine-group containing resin of Component (A) for use in the present invention includes a 
resin having at least one repeating unit represented by formula (IA) described above and at least one repeating unit 

45 represented by formula (HA) described above and a resin having at least one repeating unit represented by formula 
(MA) described above and at least one repeating unit represented by formula (VIA) described above. These fluorine- 
group containing resins of Component (A) may further has at least one repeating unit represented by formula (IMA) or 
(VI IA) described above. Of these fluorine-group containing resins of Component (A), it is preferred that R 18a in formula 
(VIA) is a group represented by formula (VIA-A) or (VIA-B) described above. Of these fluorine-group containing resins 

50 of Component (A), it is also preferred that at least one of R 1a in formula (I A), R 5a in formula (II A) and R 17a2 in formula 
(VIA) is a trifluoromethyl group. 

[0053] The fluorine-group containing resin of Component (A) having at least one repeating unit represented by for- 
mula (IA) and at least one repeating unit represented- by formula (IIA) and the fluorine-group containing resin of Com- 
ponent (A) having at least one repeating unit represented by formula (IIA) and at least one repeating unit represented 
55 by formula (VIA) may further have a repeating unit represented by any one of formulae (I) to (V). 

[0054] In formulae (I A) and (IIA), R 1a and R 5a , which may be the same or different, each represent a hydrogen atom, 
a halogen atom, a cyano group or an alkyl group which may have a substituent. R 2a , R 3a , R 6a and R 7a , which may be 
the same or different, each represent a hydrogen atom, a halogen atom, a cyano group, a hydroxy group, an alkyl 
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group which may have a substituent, a cycloalkyl group which may have a substituent, an alkoxy group which may 
have a substituent, an acyl group which may have a substituent, an acyloxy group which may have a substituent, an 
alkenyl group which may have a substituent, an aryl group which may have a substituent or an aralkyl group which 
may have a substituent. R 50a to R 55a , which may be the same or different, each represent a hydrogen atom, a fluorine 
atom or an alkyl group which may have a substituent, provided that at least one of R 50a to R 55a represents a fluorine 
atom or an alkyl group in which at least one of the hydrogen atoms is substituted with a fluorine atom. R 56a represents 
a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an 
acyl group which may have a substituent or an alkoxycarbonyl group which may have a substituent. R 56a is preferably 
a hydrogen atom. R 4a represents a group represented by formula (IVA) or (VA) described above. 
[0055] In formula (IVA), R 11a , R 12a and R 13a , which may be the same or different, each represent an alkyl group 
which may have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a 
substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent. 
[0056] In formula (VA), R 14a and R 15a , which may be the same or different, each represent a hydrogen atom or an 
alkyl group which may have a substituent. R 16a represents an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may have 
a substituent, or two of R 14a to R 16a may be combined with each other to form a ring. 

[0057] In formula (VIA), R 17a1 and R 17a2 , which may be the same or different, each represent a hydrogen atom, a 
halogen atom, acyanogrouporan alkyl group which may have a substituent. R 18a represents -C(R 18a1 ) (R 18a2 ) ( R i8a3) 
or -C(R 18a1 ) (R 18a2 ) ( OR i8a4)- R i8ai to R i8a4' which may be the same or different, each represent a hydrogen atom, 
an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which 
may have a substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent, 
or two of R 18a1 , Risa2 and R i8a3 or two of R i8ai' R i8a2 and R i8a4 mav be combined with each other to form a ring. A 0 
represents a single bond or a divalent connecting group which may have a substituent. A 0 is preferably a single bond. 
[0058] In formula (VIA-A), R 18a5 and R 18a6 , which may be the same or different, each represent an alkyl group which 
may have a substituent. R 18a7 represents a cycloalkyl group which may have a substituent. 

[0059] In formula (VIA-B), R 18a8 represents an alkyl group which may have a substituent, an alkenyl group which 
may have a substituent, an alkynyl group which may have a substituent, an aralkyl group which may have a substituent 
or an aryl group which may have a substituent. 

[0060] In formula (IMA), R 8a represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group which 
may have a substituent. R 9a and R 10a , which may be the same or different, each represent a hydrogen atom, a halogen 
atom, a cyano group, an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, 
an alkoxy group which may have a substituent, an acyl group- which may have a substituent, an acyloxy group which 
may have a substituent, an alkenyl group which may have a substituent, an aryl group which may have a substituent 
or an aralkyl group which may have a substituent. 

[0061] In formula (VI IA), R 19a and R 2 o a ' which mav be the same or different, each represent a hydrogen atom, a 
halogen atom, a cyano group or an alkyl group which may have a substituent. R 21a represent a hydrogen atom, a 
halogen atom, an alkyl group which may have a substituent or a group of -A r CN wherein A 1 represents a single bond 
or a divalent connecting group. 

[0062] The alkyl group described above preferably includes an alkyl group having from 1 to 8 carbon atoms, specif- 
ically, for example, methyl, ethyl, propyl, n-butyl, sec-butyl, hexyl, 2-ethylhexyl or octyl group. 

[0063] The cycloalkyl group described above may be a monocyclic type or a polycyclic type. The monocyclic type 
preferably includes that having from 3 to 8 carbon atoms, for example, cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl 
or cyclooctyl group. The polycyclic type preferably includes that having from 6 to 20 carbon atoms, for example, ada- 
mantyl, norbornyl, isobornyl, camphanyl, dicyclopentyl, oc-pinenyl, tricyclodecanyl, tetracyclododecyl or androstanyl 
group. The carbon atom in the monocyclic or polycyclic cycloalkyl group may be replaced by a hetero atom, for example, 
an oxygen atom. 

[0064] The perfluoroalkyl group described above preferably includes a perfluoroalkyl group having from 4 to 12 car- 
bon atoms, specifically, for example, perfluorobutyl, perfluorohexyl, perfluorooctyl, perfluorooctylethyl or perfluorodo- 
decyl group. 

[0065] The haloalkyl group described above preferably includes a haloalkyl group having from 1 to 4 carbon atoms, 
specifically, for example, chloromethyl, chloropropyl, chlorobutyl, bromomethyl or bromoethyl group. 
[0066] The aryl group described above preferably includes an aryl group having from 6 to 15 carbon atoms, specif- 
ically, for example, phenyl, tolyl, dimethylphenyl, 2,4,6-trimethylphenyl, naphthyl, anthryl or 9,1 0-dimethoxyanthryl 
group. 

[0067] The aralkyl group described above preferably includes an aralkyl group having from 7 to 12 carbon atoms, 
specifically, for example, benzyl, phenethyl or naphthylmethyl group. 

[0068] The alkenyl group described above preferably includes an alkenyl group having from 2 to 8 carbon atoms, 
specifically, for example, vinyl, allyl, butenyl or cyclohexenyl group. 
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[0069] The alkoxy group described above preferably includes an alkoxy group having from 1 to 8 carbon atoms, 
specifically, for example, methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, pentoxy, allyloxy or octoxy group. 
[0070] The acyl group described above preferably includes an acyl group having from 1 to 10 carbon atoms, specif- 
ically, for example, formyl, acetyl, propanoyl, butanoyl, pivaloyl, octanoyl or benzoyl group. 
5 [0071] The acyloxy group described above preferably includes an acyloxy group having from 2 to 12 carbon atoms, 
specifically, for example, acetoxy, propionyloxy or benzoyloxy group. 

[0072] The alkynyl group described above preferably includes an alkynyl group having from 2 to 5 carbon atoms, 
specifically, for example, ethynyl, propynyl or butynyl group. 

[0073] The alkoxycarbonyl group described above includes, for example, isopropoxycarbonyl, tert-butoxycarbonyl, 
10 tert-amyloxycarbonyl and 1 -methyl-1 -cyclohecyloxycarbonyl groups. The alkoxycarbonyl group is preferably a second- 
ary alkoxycarbonyl group and more preferably a tertiary alkoxycarbonyl group. 

[0074] The halogen atom described above includes, for example, fluorine, chlorine, bromine and iodine atoms. 
[0075] The alkylene group described above preferably includes an alkylene group having from 1 to 8 carbon atoms, 
which may have asubstituent, specifically, for example, methylene, ethylene, propylene, butylene, hexyleneoroctylene 
15 group. 

[0076] The alkenylene group described above preferably includes an alkenylene group having from 2 to 6 carbon 
atoms, which may have a substituent, specifically, for example, ethenylene, propenylene or butenylene group. 
[0077] The cycloalkylene group described above preferably includes a cycloalkylene group having from 5 to 8 carbon 
atoms, which may have a substituent, specifically, for example, cyclopentylene or cyclohexylene group. 

20 [0078] The arylene group described above preferably includes an arylene group having from 6 to 15 carbon atoms, 
which may have a substituent, specifically, for example, phenylene, tolylene or naphthylene group. 
[0079] The divalent connecting group described above includes a divalent group selected from an alkylene group, 
a cycloalkylene group, an alkenylene group and an arylene group, each of which may have a substituent, -0-CO-R 22a -, 
-CO-0-R 23a - or -CO-N(R 24a )-R 25a -. R22a' ^23a anc ' ^25a' which mav De the same or different, each represent a single 

25 bond or a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene 
group, each of which may have an ether group, an ester group, an amido group, a urethane group or a ureido group. 
R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may have a 
substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent. 
[0080] The ring formed by combining R 0 and R 15 R 0 and R 2 or R 3 and R 4 includes, for example, a 5-membered to 

30 7-membered ring, specifically, for example, pentane, hexane, furan, dioxonol or 1 ,3-dioxolane ring substituted with 
fluorine atoms. 

[0081] The ring formed by combining two of R 36 , R 37 and R 38 or two of R 36 , R 37 and R 39 includes, for example, a 
3-membered to 8-membered ring, specifically, for example, cyclopropane, cyclopentane, cyclohexane, furan or pyran 
ring. 

35 [0082] The ring formed by combining two of R 14a , R 15a and R 16a , two of R 18a1 , R 18a2 and R 18a3 ortwoof R 18a1 , R-| 8a 2 
and R 18a4 includes preferably a 3-membered to 8-membered ring, specifically, for example, cyclopropane, cyclopen- 
tane, cyclohexane, tetramethyleneoxide, pentamethyleneoxide, hexamethyleneoxide, furan, pyran, dioxonol or 1 ,3-di- 
oxolane ring. 

[0083] Z in formula (XIV) represents an atomic group necessary for forming a monocyclic or polycyclic alicyclic group. 
40 The monocyclic alicyclic group formed preferably includes that having from 3 to 8 carbon atoms, for example, cyclo- 
propyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl group. The polycyclic alicyclic group formed preferably in- 
cludes that having from 6 to 20 carbon atoms, for example, adamantyl, norbornyl, isobornyl, camphanyl, dicyclopentyl, 
oc-pinenyl, tricyclodecanyl, tetracyclodecyl or androstanyl group. 

[0084] The substituent for the groups described above includes an alkyl group, a cycloalkyl group, an aryl group, an 
45 amino group, an amido group, a ureido group, a urethane group, a group having an active hydrogen atom, e.g., a 
hydroxy group or a carboxy group, a halogen atom (e.g., fluorine, chlorine, bromine or iodine atom), an alkoxy group 
(e.g., methoxy, ethoxy, propoxy or butoxy group), a thioether group, an acyl group (e.g., acetyl, propanoyl or benzoyl 
group), an acyloxy group (e.g., acetoxy, propanoyloxy or benzoyloxy group), an alkoxycarbonyl group (e.g., methox- 
ycarbonyl, ethoxycarbonyl or propoxycarbonyl group), a cyano group and a nitro group. 
50 [0085] The alkyl group, cycloalkyl group and aryl group as the substituents are same as those described above, 
respectively. The alkyl group may further be substituted with a fluorine atom or a cycloalkyl group. 
[0086] The group, which is decomposed by the action of an acid to increase solubility in an alkali developer, included 
in the fluorine-group containing resin includes, for example, -0-C(R 36 ) (R 37 ) (R 38 ), -0-C(R 36 ) (R 37 ) (OR 39 ), -O-COO-C 
(R 36 ) (R37) ( R 3s)> -O-C(R 01 ) (R 02 )COO-C(R 36 ) (R 37 ) (R 38 ), -COO-C(R 36 ) (R 37 ) (R 38 ) or -COO-C(R 36 ) (R 37 ) (OR 39 ). 
55 R 36 to R 39 have the same meanings as defined above, respectively. R 01 and R 02 each represent a hydrogen atom, an 
alkyl group which may have the substituent described above, a cycloalkyl group which may have the substituent de- 
scribed above, an alkenyl group which may have the substituent described above, an aralkyl group which may have 
the substituent described above or an aryl group which may have the substituent described above. 
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[0087] Specific preferred examples of the group that is decomposed by the action of an acid to increase solubility in 
an alkali developer include an ester or ether group of a tertiary alkyl group, e.g., tert-butyl, tert-amyl, 1 -alkyl-1 -cy- 
clohexyl, 2-alkyl-2-adamantyl, 2-adamantyl-2-propyl or 2-(4-methylcyclohexyl)-2-propyl group, an acetal or acetal ester 
group, e.g., 1 -alkoxy-1 -ethoxy or tetrahydropyranyl group, a tertiary alkylcarbonate group and a tertiary alkylcarbonyl- 
5 methoxy group. 

[0088] The total content of repeating units represented by formulae (I) to (X) is ordinarily from 10 to 80% by mol, 
preferably from 30 to 70% by mol, and more preferably from 35 to 65% by mol, in the whole polymer composition. 
[0089] The content of repeating units represented by formulae (XI) to (XIII) is ordinarily from 0 to 70% by mol, pref- 
erably from 10 to 60% by mol, and more preferably from 20 to 50% by mol, in the whole polymer composition. 
10 [0090] The content of repeating units represented by formulae (XV) to (XVII) is ordinarily from 0 to 70% by mol, 
preferably from 10 to 60% by mol, and more preferably from 20 to 50% by mol, in the whole polymer composition. 
[0091] As the resin of Component (A), a resin having at least one of repeating units represented by formulae (I) to 

(III) and at least one of repeating units represented by formulae (IV) to (VI) is more preferred. 

[0092] Also, as the resin of Component (A), a resin having at least one of repeating units represented by formulae 
15 (|V) to (VI) and at least one of repeating units represented by formulae (VIII) to (X) is more preferred same as described 
above. 

[0093] Further, as the resin of Component (A), a resin having at least one of repeating units represented by formulae 

(IV) to (VII) and at least one of repeating units represented by formulae (XV) to (XVII) is more preferred same as 
described above. 

20 [0094] Using these resins, the positive resist composition exhibits sufficiently high transmittancy in 157 nm and the 
degradation of dry etching resistance can be prevented. 

[0095] In the case where the resin of Component (A) according to the present invention has at least one of repeating 
units represented by formulae (I) to (III) and at least one of repeating units represented by formulae (IV) to (VI), the 
total content of repeating units represented by formulae (I) to (III) is ordinarily not more than 70% by mol, preferably 

25 from 10 to 60% by mol, and more preferably from 20 to 50% by mol, in the whole polymer composition. 

[0096] The total content of repeating units represented by formulae (IV) to (VI) is ordinarily from 1 0 to 80% by mol, 
preferably from 30 to 70% by mol, and more preferably from 35 to 65% by mol, in the whole polymer composition. 
[0097] In the case where the resin of Component (A) according to the present invention has at least one of repeating 
units represented by formulae (IV) to (VI) and at least one of repeating units represented by formulae (VIII) to (X), the 

30 total content of repeating units represented by formulae (IV) to (VI) is ordinarily from 1 0 to 80% by mol, preferably from 
30 to 70% by mol, and more preferably from 35 to 65% by mol, in the whole polymer composition. 
[0098] The total content of repeating units represented by formulae (VIII) to (X) is ordinarily not more than 70% by 
mol, preferably from 1 0 to 60% by mol, and more preferably from 20 to 50% by mol, in the whole polymer composition. 
[0099] In the case where the resin of Component (A) according to the present invention has at least one of repeating 

35 units represented by formulae (IV) to (VII) and at least one of repeating units represented by formulae (XV) to (XVII), 
the total content of repeating units represented by formulae (IV) to (VII) is ordinarily from 10 to 80% by mol, preferably 
from 30 to 70% by mol, and more preferably from 35 to 65% by mol, in the whole polymer composition. 
[0100] The total content of repeating units represented by formulae (XV) to (XVII) is ordinarily not more than 70% 
by mol, preferably from 10 to 60% by mol, and more preferably from 20 to 50% by mol, in the whole polymer composition. 

40 [0101] In the fluorine group-containing resin of Component (A) having at least one of repeating unit represented by 
formula (I A) and at least one of repeating unit represented by formula (MA), the content of repeating unit represented 
by formula (IA) is ordinarily from 5 to 80% by mol, preferably from 10 to 75% by mol, and more preferably from 20 to 
70% by mol, in the whole polymer composition. 

[0102] In the fluorine group-containing resin of Component (A) having at least one of repeating unit represented by 
45 formula (I A) and at least one of repeating unit represented by formula (MA), the content of repeating unit represented 
by formula (MA) is ordinarily from 5 to 80% by mol, preferably from 1 0 to 70% by mol, and more preferably from 20 to 
65% by mol, in the whole polymer composition. 

[0103] In the fluorine group-containing resin of Component (A) having at least one of repeating unit represented by 
formula (MA) and at least one of repeating unit represented by formula (VIA), the content of repeating unit represented 
50 by formula (MA) is ordinarily from 5 to 80% by mol, preferably from 1 0 to 70% by mol, and more preferably from 20 to 
65% by mol, in the whole polymer composition. 

[0104] In the fluorine group-containing resin of Component (A) having at least one of repeating unit represented by 
formula (IIA) and at least one of repeating unit represented by formula (VIA), the content of repeating unit represented 
by formula (VIA) is ordinarily from 5 to 80% by mol, preferably from 10 to 70% by mol, and more preferably from 20 to 
55 65% by mol, in the whole polymer composition. 

[0105] In these fluorine group-containing resins of Component (A), the content of repeating unit represented by 
formula (IMA) is ordinarily from 1 to 40% by mol, preferably from 3 to 35% by mol, and more preferably from 5 to 30% 
by mol, in the whole polymer composition. 
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[0106] In these fluorine group-containing resins of Component (A), the content of repeating unit represented by 
formula (VI I A) is ordinarily from I to 40% by mol, preferably from 3 to 35% by mol, and more preferably from 5 to 30% 
by mol, in the whole polymer composition. 

[0107] The resin of Component (A) according to the present invention may have repeating units derived from other 
copolymerizable monomers in addition to the above-described repeating structural units for the purpose of improving 
the performances of the positive resist composition. 

[0108] The copolymerizable monomer, which can be used, includes a compound having one addition polymerizable 
unsaturated bond selected, for example, from an acrylate, an acrylamide, a methacrylate, a methacrylamide, an allyl 
compound, a vinyl ether, a vinyl ester, a styrene and a crotonate. 

[0109] Specific examples of the monomer include an acrylate, for example, an alkyl acrylate (preferably an alkyl 
acrylate containing an alkyl group having from 1 to 10 carbon atoms), e.g., methyl acrylate, ethyl acrylate, propyl 
acrylate, tert-butyl acrylate, amyl acrylate, cyclohexyl acrylate, ethylhexyl acrylate, octyl acrylate, tert-octyl acrylate, 
chloroethyl acrylate, 2-hydroxyethyl acrylate, 2,2-dimethylhydroxypropyl acrylate, 5-hydroxypentyl acrylate, trimethy- 
lolpropane monoacrylate, pentaerythritol monoacrylate, glycidyl acrylate, benzyl acrylate, furfuryl acrylate or tetrahy- 
drofurfuryl acrylate, or an aryl acrylate e.g., phenyl acrylate; a methacrylate, for example, an alkyl methacrylate (pref- 
erably an alkyl methacrylate containing an alkyl group having form 1 to 10 carbon atoms), e.g., methyl methacrylate, 
ethyl methacrylate, propyl methacrylate, isopropyl methacrylate, tert-butyl methacrylate, amyl methacrylate, hexyl 
methacrylate, cyclohexyl methacrylate, benzyl methacrylate, chlorobenzyl methacrylate, octyl methacrylate, 2-hydrox- 
yethyl methacrylate, 4-hydroxybutyl methacrylate, 5-hydroxypentyl methacrylate, 2,2-dimethyl-3-hydroxypropyl meth- 
acrylate, trimethylolpropane monomethacrylate, pentaerythritol monomethacrylate, glycidyl methacrylate, furfuryl 
methacrylate or tetrahydrofurfuryl methacrylate, or an aryl methacrylate, e.g., phenyl methacrylate, cresyl methacrylate 
or naphthyl methacrylate; an acrylamide, for example, acrylamide, an N-alkylacrylamide (the alkyl group of which is 
an alkyl group having from 1 to 10 carbon atoms, e.g., methyl, ethyl, propyl, butyl, tert-butyl, heptyl, octyl, cyclohexyl, 
benzyl or hydroxyethyl group), an M-arylacrylamide (the aryl group of which includes, e.g., phenyl, tolyl, nitrophenyl, 
naphthyl, cyanophenyl, hydroxyphenyl and carboxyphenyl groups), an N,N-dialkylacrylamide (the alkyl group of which 
is an alkyl group having form 1 to 10 carbon atoms, e.g., methyl, ethyl, butyl, isobutyl, ethylhexyl or cyclohexyl group), 
an N,N-diarylacrylamide (the aryl group of which includes, e.g., phenyl group), N-methyl-N-phenylacrylamide, N-hy- 
droxyethyl-N-methylacrylamide or N-2-acetamidoethyl-N-acetylacrylamide; a methacrylamide, for example, methacr- 
ylamide, an N-alkylmethacrylamide (the alkyl group of which is an alkyl group having from 1 to 10 carbon atoms, e.g., 
methyl, ethyl, tert-butyl, ethylhexyl, hydroxyethyl or cyclohexyl group), an N-arylmethacrylamide (the aryl group of 
which includes, e.g., phenyl group), an N,N-dialkylmethacrylamide (the alkyl group of which includes, e.g., ethyl, propyl 
and butyl groups), an N,N-diarylmethacrylamide (the aryl group of which includes, e.g., phenyl group), N-hydroxye- 
thyl-N-methylmethacrylamide, N-methyl-N-phenylmethacrylamide or N-ethyl-N-phenylmethacrylamide; an allyl com- 
pound, for example, an allyl ester (e.g., allyl acetate, allyl caproate, ally caprate, allyl laurate, allyl palmitate, allyl 
stearate, allyl benzoate, allyl acetoacetate or ally lactate) or allyl oxyethanol; a vinyl ether, for example, an alkyl vinyl 
ether (e.g., hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ethylhexyl vinyl ether, methoxyethyl vinyl ether, ethox- 
yethyl vinyl ether, chloroethyl vinyl ether, 1 -methyl-2,2-dimethylpropyl vinyl ether, 2-ethylbutyl vinyl ether, hydroxyethyl 
vinyl ether, diethylene glycol vinyl ether, dimethylaminoethyl vinyl ether, diethylaminoethyl vinyl ether, butylaminoethyl 
vinyl ether, benzyl vinyl ether or tetrahydrofurfuryl vinyl ether) or a vinyl aryl ether (e.g., vinyl phenyl ether, vinyl tolyl 
ether, vinyl chlorophenyl ether, vinyl 2,4-dichlorophenyl ether, vinyl naphthyl ether or vinyl anthranyl ether); a vinyl 
ester, for example, vinyl butyrate, vinyl isobutyrate, vinyl trimethylacetate, vinyl diethylacetate, vinyl valerate, vinyl 
caproate, vinyl chloroacetate, vinyl dichloroacetate, vinyl methoxyacetate, vinyl butoxyacetate, vinyl phenylacetate, 
vinyl acetoacetate, vinyl lactate, vinyl p-phenylbutyrate, vinyl cyclohexylcarboxylate, vinyl benzoate, vinyl salicylate, 
vinyl chlorobenzoate, vinyl tetrachlorobenzoate or vinyl naphthoate; a styrene, for example, styrene, an alkylstyrene 
(e.g., methylstyrene, dimethylstyrene, trimethylstyrene, ethylstyrene, diethylstyrene, isopropylstyrene, butylstyrene, 
hexylstyrene, cyclohexylstyrene, decylstyrene, benzylstyrene, chloromethylstyrene, trifluoromethylstyrene, 
ethoxymethylstyrene or acetoxymethylstyrene), an alkoxystyrene (e.g., methoxystyrene, 4-methoxy-3-methylstyrene 
or dimethoxystyrene), a halogenated styrene (e.g., chlorostyrene, dichlorostyrene, trichlorostyrene, tetrachlorostyrene, 
pentachlorostyrene, bromostyrene, dibromostyrene, iodostyrene, fluorostyrene, trifluorostyrene, 2-bromo-4-trifluor- 
omethylstyrene or 4-fluoro-3-trifluoromethylstyrene), carboxystyrene or vinyl naphthalene; a crotonate, for example, 
an alkyl crotonate (e.g., butyl crotonate, hexyl crotonate or glycerin monocrotonate); 

a dialkyl itaconate, for example, dimethyl itaconate, diethyl itaconate or dibutyl itaconate; a dialkyl maleate or fumarate, 
e.g., dimethyl maleate or dibutyl fumarate; maleic anhydride, maleimide, acrylonitrile, methacrylonitrile and maleonitrile. 
In addition, any addition polymerizable unsaturated compound copolymerizable with monomers corresponding to the 
repeating units described above may be ordinarily employed. 

[0110] Specific examples of the repeating structural unit represented by any one of formulae (I) to (X) are set forth 
below, but the present invention should not be construed as being limited thereto. 
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[0111] Specific examples of the repeating structural unit represented by any one of formulae (XI) to (XIII) are set 
forth below, but the present invention should not be construed as being limited thereto. 
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50 [01 12] Specific examples of the repeating structural unit represented by any one of formulae (XVI) to (XVII) are set 
forth below, but the present invention should not be construed as being limited thereto. 
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[0113] Specific examples of the repeating structural unit represented by formula (I A) are set forth below, but the 
45 present invention should not be construed as being limited thereto. 
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[0114] Specific examples of the repeating structural unit represented by formula (MA) are set forth below, but the 
present invention should not be construed as being limited thereto. 
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[0115] Further, the repeating structural units (F-40) to (F-45) shown hereinbefore are also the specific examples of 
repeating structural unit represented by formula (MA). 

[0116] Specific examples of the repeating structural unit represented by formula (VIA) are set forth below, but the 
present invention should not be construed as being limited thereto. 
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[0117] Further, the repeating structural units (F-29) to (F-38) and (F-47) to (F-54) shown hereinbefore are also the 
specific examples of repeating structural unit represented by formula (VIA). 

[0118] Specific examples of the repeating structural unit represented by formula (MIA) are set forth below, but the 
present invention should not be construed as being limited thereto. 
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[0119] Specific examples of the repeating structural unit represented by formula (VI IA) are set forth below, but the 
present invention should not be construed as being limited thereto. 
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[0120] The repeating structural units shown in the above-described specific examples may be used individually or 
as a mixture of two or more thereof. 

[0121] A weight average molecular weight of the resin of Component (A) having the repeating structural units de- 
scribed above for use in the present invention is preferably in a range of from 1,000 to 200,000, and more preferably 
in a range of from 3,000 to 20,000. Distribution of molecular weight of the resin of Component (A) for use in the present 
invention is ordinarily from 1 to 10, preferably from 1 to 3, and more preferably from 1 to 2. As the distribution of 
molecular weight of the resin used is small, the resulting resist composition is more excellent in the resolution, resist 
shape, sidewall smoothness of resist pattern and line edge roughness. 
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[0122] The amount of the resin of Component (A) used in positive resist composition according to the present inven- 
tion is ordinarily not less than 50% by weight, preferably from 60 to 98% by weight, and more preferably from 65 to 
95% by weight, based on the total solid content of the resist composition. 

[2] Acid generator capable of generating an acid upon irradiation of an actinic ray or radiation of Component 
(B) of the present invention: 

[0123] The acid generator for use in the present invention is a compound, which is capable of generating an acid 
upon irradiation of an actinic ray or radiation and selected from sulfonium salts containing no aromatic ring and com- 
pounds having a phenacylsulfonium salt structure (hereinafter also referred to as a compound of Component (B) or 
an acid generator). 

[0124] The sulfonium salt having no aromatic ring includes a salt containing a sulfonium represented by formula (II) 
shown below as a cation. 



rfbiy (ID 

R 3b/ 

wherein, R 1b to R 3b each independently represent an organic group containing no aromatic ring. The term "aromatic 
ring" as used herein includes an aromatic ring having a hetero atom. 

[0125] The organic group containing no aromatic ring for each of R 1b to R 3b usually has from 1 to 30 carbon atoms, 
and preferably has from 1 to 20 carbon atoms. 

[0126] R 1b to R 3b each independently represents preferably an alkyl group, a 2-oxoalkyl group, an alkoxycarbonyl- 
methyl group, an ally I group or a vinyl group, more preferably a straight-chain, branched or cyclic 2-oxoalkyl group or 
an alkoxycarbonylmethyl group, and particularly preferably a straight-chain or branched 2-oxoalkyl group. 
[0127] The alkyl group for each of R 1b to R 3b may be a straight-chain, branched or cyclic alkyl group. Preferred 
examples thereof include a straight-chain or branched alkyl group having from 1 to 10 carbon atoms (e.g., methyl, 
ethyl, propyl, butyl or pentyl group) and acyclic alkyl group having from 3 to 10 carbon atoms (e.g., cyclopentyl, cy- 
clohexyl or norbornyl group). 

[0128] The 2-oxoalkyl group for each of R 1b to R 3b may be a straight chain, branched or cyclic 2-oxoalkyl group. 
Preferred examples thereof include groups having >C=0 at the 2-position of the above-described alkyl groups for each 
of R 1b to R 3b . 

[0129] The alkoxy group of the alkoxycarbonylmethyl group for each of R 1b to R 3b is preferably an alkoxy group 
having from 1 to 5 carbon atoms (e.g., methoxy, ethoxy, propoxy, butoxy or pentyloxy group). 

[0130] The group for each of R 1b to R 3b may be further substituted with a halogen atom, an alkoxy group (e.g., an 
alkoxy group having from 1 to 5 carbon atoms), a hydroxy group, a cyano group or a nitro group. 
[0131] Two of R 1b to R 3b may be connected with each other to form a cyclic structure and the cyclic structure may 
contain, in the ring thereof, an oxygen atom, a sulfur atom, an ester bond, an amido bond or a carbonyl group. Examples 
of the group formed by connecting two of R 1b to R 3b include an alkylene group (e.g., butylene or pentylene group). 
[0132] From the viewpoint of photoreactivity, it is preferred that any one of R 1b to R 3b is a group having a carbon- 
carbon double bond or carbon-oxygen double bond. 

[0133] An anion of the sulfonium salt having no aromatic ring is a sulfonic acid anion. The anion is preferably an 
alkanesulfonic acid anion in which the carbon atom of the 1 -position is substituted with a fluorine atom or a benze- 
nesulfonic acid anion substituted with an electron-attracting group, more preferably a perfluoroalkanesulfonic acid 
anion having from 1 to 8 carbon atoms, and most preferably perfluorobutanesulfonic acid anion or perfluorooctanesul- 
fonic acid anion. By using such a sulfonic acid anion, decomposition speed of the acid-decomposable group increases, 
resulting in the improvement in sensitivity, and diffusion of the acid generated is restrained, resulting in the improvement 
in resolution. 

[0134] Examples of the electron-attracting group include a fluorine atom, a chlorine atom, a bromine atom, a nitro 
group, a cyano group, an alkoxycarbonyl group, an acyloxy group and an acyl group. 

[0135] A compound wherein at least one of R 1b to R 3b of one compound represented by formula (II) is bonded to at 
least one of R 1b to R 3b of another compound represented by formula (II) may also be used. 

[0136] Specific examples of the sulfonium salt having no aromatic ring for use in the present invention are set forth 
below, but the present invention should not be construed as being limited thereto. 
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[0137] The compound having a phenacylsulfonium salt structure, which is capable of generating an acid upon irra- 
diation of an actinic ray or radiation, includes a compound represented by the following formula (III): 




(in) 



wherein, R 1c to R 5c each independently represent a hydrogen atom, an alkyl group, an alkoxy group or a halogen atom; 
R 6c to R 7c each independently represent a hydrogen atom, an alkyl group or an aryl group; R x and R y each independ- 
ently represent an alkyl group, a 2-oxoalkyl group, an alkoxycarbonylmethyl group, an allyl group or a vinyl group, or 
at least any two of R 1c to R 7c , or R x and R y may be connected with each other to form a cyclic structure and the cyclic 
structure may contain an oxygen atom, a sulfur atom, an ester bond or an amido bond; and X - represents an anion of 
sulfonic acid, carboxylic acid or sulfonylimide. 

[0138] The alkyl group for each of R 1c to R 5c may be any of a straight-chain, branched or cyclic alkyl group, and 
includes, for example, an alkyl group having from 1 to 1 0 carbon atoms. Preferred examples thereof include a straight- 
chain or branched alkyl group having from 1 to 5 carbon atoms (e.g., methyl, ethyl, straight-chain or branched propyl, 
straight-chain or branched butyl, or straight-chain or branched pentyl group) and a cyclic alkyl group having from 3 to 
8 carbon atoms (e.g., cyclopentyl or cyclohexyl group). 

[0139] The alkoxy group for each of R 1c to R 5c may be any of a straight-chain, branched or cyclic alkoxy group, and 
includes, for example, an alkoxy group having from 1 to 1 0 carbon atoms. Preferred examples thereof include a straight- 
chain or branched alkoxy groups having from 1 to 5 carbon atoms (e.g., methoxy, ethoxy, straight-chain or branched 
propoxy, straight-chain or branched butoxy, or straight-chain or branched pentoxy group) and a cyclic alkoxy group 
having from 3 to 8 carbon atoms (e.g., cyclopentyloxy or cyclohexyloxy group). 

[0140] Preferably, any one of R 1c to R 5c represents a straight-chain, branched or cyclic alkyl group or a straight- 
chain, branched or cyclic alkoxy group, and more preferably, R 1c to R 5c have from 2 to 15 carbon atoms in total. This 
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makes it possible to improve solubility in a solvent, thereby restraining the generation of particles during the storage 
of resist composition. 

[0141] The alkyl group for R 6c or R 7c is same as that for each of R 1c to R 5c , and examples of the aryl group for R 6c 
or R 7c include an aryl group having from 6 to 14 carbon atoms (e.g., phenyl group). 
[0142] The alkyl group for R x or R y is same as that for each of R 1c to R 5c . 

[0143] Examples of the 2-oxoalkyl group for R x or R y include groups having >C=0 at the 2-position of the alkyl groups 
for each of R 1c to R 5c . 

[0144] The alkoxy group of the alkoxycarbonylmethyl group is the same as the alkoxy group for each of R 1c to R 5c . 
[0145] Examples of the group formed by connecting R x and R y include butylene and pentylene groups. 
[0146] By the formation of ring in the compound represented by formula (III), the steric configuration of the compound 
is fixed and the photolysis efficiency of the compound increases. In the case where any two of R 1c to R 7c are connected 
with each other to form a cyclic structure, a case where any one of R 1c to R 5c is connected with any one of R 6c and 
R 7c to form a single bond or a linkage group thereby forming a ring is preferred, and a case where R 5c is connected 
with any one of R 6c and R 7c to form a single bond or a linkage group thereby forming a ring is particularly preferred. 
[0147] Examples of the linkage group include an alkylene group which may have a substituent, an alkenylene group 
which may have a substituent, -O-, -S-, -CO-, -CONR- (wherein R represents a hydrogen atom, an alkyl group or an 
acyl group) and a group formed by combination of two or more of these groups. An alkylene group which may be 
substituted, an alkylene group containing an oxygen atom or an alkylene group containing a sulfur atom is preferred 
for the linkage group. 

[0148] Examples of the substituent include an alkyl group (preferably having from 1 to 5 carbon atoms), an aryl group 
(preferably having from 6 to 10 carbon atoms, for example, phenyl group) and an acyl group (preferably having from 
2 to 11 carbon atoms). 

[0149] The linkage group capable of forming a 5-membered to 7-membered ring, for example, methylene, ethylene, 
propylene, -CH 2 -0- or -CH 2 -S- is preferred, and the linkage group capable of forming a 6-membered ring, for example, 
ethylene, -CH 2 -0- or -CH 2 -S- is particularly preferred. By the formation of 6-membered ring in the compound, an angle 
between the carbonyl plane and the C-S+ sigma bond comes close to perpendicular, and due to the orbital interaction 
the photolysis efficiency of the compound increases. 

[0150] Further, anyof R 1c to R 7c and R x and R y is bonded through asingle bondoralinkagegroup to form acompound 
having two or more structures represented by formula (III). 

[0151] X" preferably represents a sulfonic acid anion, and more preferably an alkanesulfonic acid anion in which the 
carbon atom of the 1 -position is substituted with a fluorine atom or a benzenesulfonic acid anion substituted with an 
electron-attracting group. The alkane portion of the alkanesulfonic acid anion may be substituted with a substituent, 
for example, an alkoxy group (for example, an alkoxy group having from 1 to 8 carbon atoms) or a perfluoroalkoxy 
group (for example, a perfluoroalkoxy group having from 1 to 8 carbon atoms). Examples of the electron-attracting 
group include a fluorine atom, a chlorine atom, a bromine atom, a nitro group, a cyano group, an alkoxycarbonyl group, 
an acyloxy group and an acyl group. 

[0152] X - still more preferably represents a perfluoroalkanesulfonic acid anion having from 1 to 8 carbon atoms, 
particularly preferably a perfluorooctanesulfonic acid anion, a perfluorobutanesulfonic acid anion or a trifluorometh- 
anesulfonic acid anion, and most preferably a perfluorobutanesulfonic acid anion or a trifluoromethanesulfonic acid 
anion. By using such a sulfonic acid anion, decomposition speed of the acid-decomposable group increases, resulting 
in the improvement in sensitivity, and diffusion of the acid generated is restrained, resulting in the improvement in 
resolution. 

[0153] Specific examples of the compound having a phenacylsulfonium salt structure for use in the present invention 
are set forth below, but the present invention should not be construed as being limited thereto. 
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[0154] The amount of acid generator capable of generating an acid upon irradiation of an actinic ray or radiation of 
Component (B) added to the positive resist composition of the invention is ordinarily 1% by weight or more, preferably 
from 1 .5 to 12% by weight, and more preferably from 2 to 8% by weight, based on the total solid content of the com- 
position. 

[0155] The sulfonium salts containing no aromatic ring and compounds having a phenacylsulfonium salt structure 
are used individually or as a mixture of two or more thereof as the acid generator in the present invention. In case of 
using the sulfonium salt containing no aromatic ring and the compound having a phenacylsulfonium salt structure in 
combination, the total amount of these acid generators added is ordinarily 2% by weight or more, preferably from 3 to 
20% by weight, and more preferably from 4 to 1 5% by weight, based on the total solid content of the composition. Also, 
other acid generating compounds as described below may be used individually or as a mixture of two or more thereof 
together with the acid generator of the present invention. 

<Acid generating compound used in combination with the acid generator of Component (B)> 

[0156] In the present invention, a compound (photo-acid generator) other than the acid generator of the present 
invention, which is decomposed by irradiation of an actinic ray or radiation to generate an acid, may be used in com- 
bination with the acid generator of Component (B). 

[0157] A molar ratio of the acid generator of Component (B) of the present invention to the photo-acid generator 
used in combination therewith (Component (B)/other photo-acid generator) is usually from 100/0 to 20/80, preferably 
from 100/0 to 40/60, and more preferably from 1 00/0 to 50/50. Such a photo-acid generator used in combination with 
the acid generator of Component (B) is appropriately selected from photoinitiators for photo cationic polymerization, 
photoinitiators for photo radical polymerization, photodecolorizers for dyes, photo discoloring agents, known com- 
pounds capable of generating an acid upon irradiation of an actinic ray or radiation used for micro resist, and mixtures 
thereof. 

[0158] Specific examples of the photo-acid generator include onium salts, e.g., diazonium salts, ammonium salts, 
phosphonium salts, iodonium salts, sulfonium salts, selenonium salts or arsonium salts, organic halogen compounds, 
organic metal/organic halide compounds, photo-acid generators having an o-nitrobenzyl protecting group, compounds 
generating a sulfonic acid by photolysis as represented by iminosulfonates, and disulfone compounds. 
[0159] It is also possible to use polymer compounds having in the main chain or side chain thereof a group or com- 
pound capable of generating an acid upon irradiation of an actinic ray or radiation, for example, compounds as described 
in U.S. Patent 3,849,137, German Patent 3,914,407, JP-A-63-26653, JP-A-55-1 64824, JP-A-62-69263, JP-A- 
63-146038, JP-A-63-163452, JP-A-62-1 53853 and JP-A-63-1 46029. 

[0160] Compounds generating an acid as described, for example, in U.S. Patent 3,779,778 and European Patent 
126,712 are also used. 

[0161] Of the above-described compounds, which are decomposed upon irradiation of an active ray or radiation to 
generate an acid, used in combination with the acid generator of the present invention, those particularly effectively 
used are described in detail below. 

(1) Oxazole derivative substituted with a trihalomethyl group represented by formula (PAG1) shown below or S- 
triazine derivative substituted with a trihalomethyl group represented by formula (PAG2) shown below. 



In formulae (PAG1 ) and (PAG2), R 201 represents a substituted or unsubstituted aryl or a substituted or unsub- 
stituted alkenyl group; R 202 represents a substituted or unsubstituted aryl group, a substituted or unsubstituted 



R' 



201 
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alkenyl group, a substituted or unsubstituted alkyl group or -C(Y) 3 ; and Y represents a chlorine atom or a bromine 
atom. 

Specific examples of such compounds are set forth below, but the present invention should not be construed 
as being limited thereto. 

(PAG1-1) 



Cl\ y-CH=CH-C^C-CCI 3 



CH 3 -\ CH = CH - C^C - CC1 3 
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(PAG1-2) 



CI 

CCI3 



C1 3 C •« ^ CC] 3 * » 



(FAG2-1) CI3C N CC1 3 

(PAG2-2) 

(2) lodonium salt represented by formula (PAG3) shown below or sulfonium salt represented by formula (PAG4) 
shown below. 



Ar 1 <° 3 
V Z~ R 204 V 2 

(PAG3) CPAG4) 



In formulae (PAG3) and (PAG4), Ar 1 and Ar 2 , which may be the same or different, each independently represent 
a substituted or unsubstituted aryl group. Preferred examples of the substituent include an alkyl group, a haloalkyl 
group, a cycloalkyl group, an aryl group, an alkoxy group, a nitro group, a carboxy group, an alkoxycarbonyl group, 
a hydroxy group, a mercapto group and a halogen atom. 

R 203 , R 204 and R 205 , which may be the same or different, each independently represent a substituted or un- 
substituted alkyl group or a substituted or unsubstituted aryl group, preferably an aryl group having from 6 to 14 
carbon atoms, an alkyl group having 1 to 8 carbon atoms or a substituted derivative thereof. Preferred examples 
of the substituent for the aryl group include an alkoxy group having from 1 to 8 carbon atoms, an alkyl group having 
from 1 to 8 carbon atoms, a nitro group, a carboxy group, a hydroxy group and a halogen atom. Preferred examples 
of the substituent for the alkyl group include an alkoxy group having from 1 to 8 carbon atoms, a carboxy group 
and an alkoxycarbonyl group. 

Z represents a counter anion. Examples the counter anion include BF 4 ", AsF 6 ", PF 6 ~, SbF 6 ~, SiF 6 2 -, CI0 4 ", a 
perfluoroalkane sulfonic acid anion, e.g., CF 3 S0 3 _ , pentafluolobenzenesulfonic acid anion, a condensed polynu- 
clear aromatic sulfonic acid anion, e.g., naphthalene-1 -sulfonic acid anion, an anthraquinonesulfonic acid anion 
and a dye containing a sulfonic acid group. However, the present invention should not be construed as being 
limited to these examples. Alternatively, two of R 203 , R 204 and R 205 , or Ar 1 and Ar 2 may be connected with each 
other through a single bond or a substituent. 

Specific examples of such compounds are set forth below, but the present invention should not be construed 
as being limited thereto. 
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30 

The onium salts represented by formulae (PAG3) and (PAG4) are known and can be synthesized, for example, 
by methods as described in U.S. Patents 2,807,648 and 4,247,473, and JP-A-53-1 01331 . 

(3) Disulfone derivative represented by formula (PAG5) shown below and iminosulfonate derivative represented 
by formula (PAG6) shown below. 

35 
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In formulae (PAG5) and (PAG6), Ar 3 and Ar 4 , which may be the same or different, each independently represent 
a substituted or unsubstituted aryl group; R 206 represents a substituted or unsubstituted alkyl group or a substituted 
or unsubstituted aryl group; and A represents a substituted or unsubstituted alkylene group, a substituted or un- 
substituted alkenylene group or a substituted or unsubstituted arylene group. 
50 Specific examples of such compounds are set forth below, but the present invention should not be construed 

as being limited thereto. 
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(4) Diazodisulfone derivative represented by formula (PAG7) shown below. 

O O 
(PAfi7) 

[0162] In formula (PAG7), R represents a straight-chain, branched or cyclic alkyl group or an aryl group which may 
have a substituent. 

[0163] Specific examples of such compounds are set forth below, but the present invention should not be construed 
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as being limited thereto. 
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[0164] Particularly preferred examples of the photo-acid generator used in combination with the acid generator of 
Component (B) in the present invention include the iminosulfonate derivative represented by formula (PAG6) and the 
diazodisulfone derivative represented by formula (PAG7), and specific examples thereof are set forth below. 
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[3] Fluorine-based and/or silicon-based surface active agent of Component (C) of the present invention: 

25 [0165] The positive resist composition of the present invention preferably contains a fluorine-based and/or silicon- 
based surface active agent of Component (C). 

[0166] Specifically, it is preferred that the positive resist composition of the present invention contains one or more 
of a fluorine atom-containing surface active agent, a silicon atom-containing surface active agent and a surface active 
agent containing both a fluorine atom and a silicon atom. The addition of such a fluorine-based and/or silicon-based 

30 surface active agent is effective for the suppression of development defect and the improvement in coating property. 
[0167] Examples of the surface active agent include those as described in JP-A-62-36663, JP-A-61 -226746, JP-A- 
61-226745, JP-A-62-1 70950, JP-A-63-34540, JP-A-7-2301 65, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988 and U.S. 
Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 5,576,143, 5,296,143, 5,294,511 and 5,824,451. 
Commercially available surface active agents described below may also be used as they are. 

35 [0168] Examples of the commercially available surface active agent, which can be used, include fluorine-based or 
silicon-based surface active agents, e.g., Eftop EF301, EF303 and EF352 (manufactured by Shin-Akita Kasei Co., 
Ltd.), Florad FC430 and 431 (manufactured by Sumitomo 3M Ltd.), Megafac F171, F173, F176, F189 and R08 (man- 
ufactured by Dainippon Ink and Chemicals, Inc.), Surflon S-382, SC101, 102, 103, 104, 105 and 106 (manufactured 
by Asahi Glass Co., Ltd.) and Troysol S-366 (manufactured by Troy Chemical Corp.). A polysiloxane polymer KP-341 

40 (manufactured by Shin-Etsu Chemical Co., Ltd.) is also used as the silicon-based surface active agent. 

[0169] The amount of surface active agent used is ordinarily from 0. 1 to 1 0,000 ppm, and preferably from 1 to 1 ,000 
ppm, on the basis of a solution of the positive resist composition of the present invention. The surface active agents 
may be used individually or in combination of two or more thereof. 

45 [4] Acid diffusion preventing agent of Component (D) of the present invention: 

[01 70] It is preferred that the positive resist composition of the present invention contains an acid diffusion preventing 
agent for the purpose of preventing fluctuations in performances (for example, formation of T-top shaped pattern, 
fluctuation in sensitivity or fluctuation in linewidth of pattern) with the lapse of time between the irradiation of an active 
50 ray or radiation and a heat treatment, fluctuations in performances with the lapse of time after coating, or excessive 
diffusion of the acid at the heat treatment after the irradiation of an active ray or radiation, which results in deterioration 
of the resolution. AS the acid diffusion preventing agent, an organic basic compound, for example, an organic basic 
compound containing a basic nitrogen atom, and preferably a compound exhibiting pKa of a conjugated acid of not 
less than 4 is used. 

55 [0171] Specifically, compounds having a structure represented by any one of formulae (A) to (E) shown below are 
used. 
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[0172] In the above formulae, R 250 , R 251 and R 252 , which may be the same or different, each represent a hydrogen 
atom, an alkyl group having from 1 to 6 carbon atoms, an aminoalkyl group having from 1 to 6 carbon atoms, a hy- 
droxyalkyl group having from 1 to 6 carbon atoms or a substituted or unsubstituted aryl group having from 6 to 20 
carbon atoms, or R 251 and R 252 may be connected with each other to form a ring; and R 253 , R 254 , R 255 and R 256 , which 
may be the same or different, each represent an alkyl group having from 1 to 6 carbon atoms. 
[0173] More preferred compounds are nitrogen-containing basic compounds having two or more nitrogen atoms 
having different chemical circumstances per molecule, and particularly preferred compounds are compounds having 
both a substituted or unsubstituted amino group and a cyclic structure containing a nitrogen atom and compounds 
having an alkylamino group. 

[0174] Preferred examples of the organic basic compound include substituted or unsubstituted guanidines, substi- 
tuted or unsubstituted aminopyridines, substituted or unsubstituted aminoalkylpyridines, substituted or unsubstituted 
aminopyrrolidines, substituted or unsubstituted indazoles, substituted or unsubstituted imidazoles, substituted or un- 
substituted pyrazoles, substituted or unsubstituted pyrazines, substituted or 

[0175] unsubstituted pyrimidines, substituted or unsubstituted purines, substituted or unsubstituted imidazolines, 
substituted or unsubstituted pyrazolines, substituted or unsubstituted piperazines, substituted or unsubstituted piperi- 
dines, substituted or unsubstituted aminomorpholines and substituted or unsubstituted aminoalkylmorpholines. 
[0176] Preferred examples of the substituent include an amino group, an aminoalkyl group, an alkylamino group, an 
aminoaryl group, an arylamino group, an alkyl group, an alkoxy group, an acyl group, an acyloxy group, an aryl group, 
an aryloxy group, a nitro group, a hydroxy group and a cyano group. 

[0177] Particularly preferred examples of the organic basic compound include guanidine, 1 ,1 -dimethylguanidine, 
1 ,1 ,3,3-tetramethylguanidine, imidazole, 2-methylimidazole, 4-methylimidazole, N-methylimidazole, 2-phenylimida- 
zole, 4,5-diphenylimidazole, 2,4,5-triphenylimidazole, 2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 2-dimethyl- 
aminopyridine, 4-dimethylaminopyridine, 2-diethylamlnopyridine, 2-(aminomethyl)pyridine, 2-amino-3-methylpyridine, 
2-amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-amino-6-methylpyridine, 3-aminoethylpyridine, 4-aminoethyl- 
pyridine, 3-aminopyrrolidine, piperazine, N-(2-aminoethyl)piperazine, N-(2-aminoethyl)piperidine, 4-amino-2,2,6,6-te- 
tramethylpiperidine, 4-piperidinopiperidine, 2-iminopiperidine, 1-(2-aminoethyl)pyrrolidine, pyrazole, 3-amino-5-meth- 
ylpyrazole, 5-amino-3-methyl-1 -p-tolylpyrazole, pyrazine, 2-(aminomethyl)-5-methylpyrazine, pyrimidine, 2,4-diami- 
nopyrimidine, 4,6-dihydroxypyrimidine, 2-pyrazoline, 3-pyrazoline, N-aminomorpholine and N-(2-aminoethyl)morpho- 
line. However, the organic basic compounds for use in the present invention should not be construed as being limited 
to these compounds. 

[0178] The organic basic compounds may be used individually or as a mixture of two or more thereof. 
[0179] A molar ratio of the acid generator to the organic basic compound (acid generator)/(organic basic compound) 
used in the positive resist composition is preferably from 2.5 to 300. When the molar ratio is less than 2.5, the sensitivity 
may decrease and the resolution may be degraded. On the other hand, when it exceeds 300, pattern size may increase 
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and the resolution may be degraded. The molar ratio of (acid generator)/(organic basic compound) is preferably from 
5.0 to 200, and more preferably from 7.0 to 150. 

[5] Other components used in the positive resist composition of the present invention: 
(1) Solvent 

[0180] The positive resist composition of the present invention is used by dissolving the above-described components 
in a solvent that can dissolve the components, and coating the resulting solution on a substrate. Examples of the 
solvent used include ethylene dichloride, cyclohexanone, cyclopentanone, 2-heptanone, y-butyrolactone, methyl ethyl 
ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 2-methoxyethyl acetate, ethylene glycol 
monoethyl ether acetate, propylene glycol monomethyl ether, propylene glycol monoethyl ether, propylene glycol mon- 
omethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, ethyl ethoxy- 
propionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethylsulfoxide, N-methylpyr- 
rolidone and tetrahydrofuran. The solvents may be used individually or as a mixture of two or more thereof. 
[0181] The steps of pattern formation on the resist film, for example, in the production of precise integrated circuit 
devices comprises applying the positive resist composition of the present invention to a substrate (for example, silicon/ 
silicon dioxide coating, a transparent substrate, e.g., glass substrate or ITO substrate), irradiating the resist film using 
an active ray or radiation lithography apparatus, followed by heating, developing, rinsing and drying. Thus, good resist 
patterns are obtained. 

[0182] The developing solution, which can be used for the positive resist composition of the present invention, is an 
aqueous solution of alkali, for example, an inorganic alkali, e.g., sodium hydroxide, potassium hydroxide, sodium car- 
bonate, sodium silicate, sodium metasilicate or aqueous ammonia, a primary amine, e.g., ethylamine or n-propylamine, 
a secondary amine, e.g., diethylamine or di-n-butylamine, a tertiary amine, e.g., triethylamine or methyldiethylamine, 
an alcohol amine, e.g., dimethylethanolamine or triethanolamine, a quaternary ammonium salt, e.g., tetramethylam- 
monium hydroxide, tetraethylammonium hydroxide or choline, and a cyclic amine, e.g., pyrrole or piperidine. A devel- 
oping solution prepared by adding an appropriate amount of an alcohol, for example, isopropyl alcohol or a surface 
active agent, for example, a nonionic surface active agent to the above-described aqueous solution of alkali is also used. 
[0183] Of the developers, those containing a quaternary ammonium salt are preferred and, those containing tetram- 
ethylammonium hydroxide or choline are more preferred. 

[0184] The present invention will be described in greater detail with reference to the following examples, but the 
present invention should not be construed as being limited thereto. 

Synthesis Example 1 

[0185] In a one-liter autoclave was charged 150 ml of a 1 ,1 ,2-trichloro-trifluoroethane solution containing 9.4 g (0.10 
mol) of norbornene and 19.4 g (0.10 mol) of tert-butyl norbornene-2-carboxylate and the autoclave was pressurized 
with nitrogen gas at 200 psi. Then, 20 g (0.20 mol) of tetrafluoroethylene was charged and the mixture was heated at 
50°C with stirring. To the reaction solution was charged 15 ml of a 1 ,1 ,2-trichloro-trifluoroethane solution containing 
1.2 g of di(4-tert-butylcyclohexyl)peroxydicarbonate over a period of 20 minutes, followed by continuing to stir for 20 
hours. After the completion of the reaction, the reaction solution was poured into 2 liters of methanol with vigorously 
stirring to deposit a white resin. The resin deposited was collected by filtration and dried in vacuo to obtain 23.5 g of 
Resin (1) according to the present invention. 

[0186] The weight average molecular weight (Mw)of Resin (1 ) measured by GPC was 6,200. As a result of examining 
the composition of Resin (1) by means of C 13 -NMR measurement, it was found that a molar ratio of structural units (F- 
1) /norbornene/ (5-16) was 45/30/25. 

[0187] The reference number of structural unit used herein means the number assigned to each of the repeating 
structural units shown hereinbefore as the specific examples with respect to the resin of Component (A) according to 
the present invention. 

Synthesis Example 2 

[0188] In 100 ml of methyl ethyl ketone (MEK) were dissolved 14.3 g (0.04 mol) of Monomer (a) shown below, 3.9 
g (0.04 mol) of maleic anhydride and 2.6 g (0.02 mol) of tert-butyl acrylate and the solution was heated at 70°C under 
nitrogen atmosphere. To the solution was added 0.2 g of V-601 (manufactured by Wako Pure Chemical Industries, 
Ltd.) as a polymerization initiator, followed by stirring for 3 hours. Further, 0.2 g of V-601 was added thereto, followed 
by continuing to stir for 4 hours. Then, the reaction solution was poured into one liter of tert-butyl methyl ether with 
vigorously stirring to deposit a white resin. The resin deposited was collected by filtration and dried in vacuo to obtain 
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12.1 g of Resin (2) according to the present invention. 

[0189] The weight average molecular weight (Mw) of Resin (2) measured by GPC was 8,900. As a result of examining 
the composition of Resin (2) by means of C 13 -NMR measurement, it was found that a molar ratio of structural units (F- 
21)/ maleic anhydride /(B-4) was 39/38/23. 

Monomer (a) 

[0190] 




Synthesis Example 3 

[0191] In 30 ml of 1 -methoxy-2-propanol were dissolved 6.7 g (0.015 mol) of Monomer (b) shown below, 1 .4 g (0.006 
mol) of 2-methyl-2-adamanthane methacrylate and 1 .8g (0.009 mol) of mevalonic lactone methacrylate. To the solution 
were added dropwise 0.1 g of 2,2'-azobis(2,4-dimethylvaleronitrile) (V-65 manufactured by Wako Pure Chemical In- 
dustries, Ltd.) as a polymerization initiator and 70 ml of 1 -methoxy-2-propanol solution containing 15.6 g (0.035 mol) 
of Monomer (b), 3.3 g (0.01 4 mol) of 2-methyl-2-adamanthane methacrylate and 4.2 g (0.021 mol) of mevalonic lactone 
methacrylate at 70°C under nitrogen atmosphere with stirring over a period of 2 hours. After the reaction for 2 hours, 
0.1 g of the polymerization initiator was further added, followed by reacting for 2 hours. The temperature of reaction 
solution was raised to 90°C, followed by continuing to stir for one hour. The reaction solution was allowed to cool and 
poured into one liter of a mixture of ion-exchanged water and methanol (1 /1 ) with vigorously stirring to deposit a white 
resin. The resin deposited was collected by filtration and dried in vacuo to obtain 15.8 g of Resin (3) according to the 
present invention. 

[0192] The weight average molecular weight (Mw) of Resin (3) measured by GPC was 1 0,200. As a result of exam- 
ining the composition of Resin (3) by means of C 13 -NMR measurement, it was found that a molar ratio of structural 
units (F-30)/ (B-7)/(B-1 1 ) was 48/21/31. 

Monomer (b) 

[0193] 



y CH 3 

CH 2 =C 
I 



CF 3 

CF 3 LJ 



Synthesis Examples 4 TO 8 

[0194] The resins of Component (A) shown in Table 1 below according to the present invention were synthesized in 
a manner similar to the synthesis examples above. 



TABLE 1 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(4) 


(F-1)/(F-21)/(B-16) 
=48/33/19 


4,500 
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TABLE 1 (continued) 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(5) 


(F-50)/(B-7)/(B-11) =31/35/34 


9,200 


(6) 


(F-55)/maleic anhydride/(B-4) 
=40/37/23 


7,400 


(7) 


(F-1 6)/maleic anhydride/(B-8) 
=43/34/23 


6,300 


(8) 


(F-26)/maleic anhydride/(B-12) 
=40/33/27 


8,900 



Synthesis Example 9 

[0195] In a one-liter autoclave was charged 150 ml of a 1 ,1 ,2-trichloro-trifluoroethane solution containing 9.4 g (0.10 
mol) of norbornene and 35.8 g (0.1 0 mol) of Monomer (a) shown below and the autoclave was pressurized with nitrogen 
gas at 200 psi. Then, 20 g (0.20 mol) of tetrafluoroethylene was charged and the mixture was heated at 50°C with 
stirring. To the reaction solution was charged 15 ml of a 1 ,1 ,2-trichloro-trifluoroethane solution containing 1 .2 g of di 
(4-tert-butylcyclohexyl)peroxydicarbonate over a period of 20 minutes, followed by continuing to stir for 20 hours. After 
the completion of the reaction, the reaction solution was poured into 2 liters of methanol with vigorously stirring to 
deposit a white resin. The resin deposited was collected by filtration and dried in vacuo to obtain 37.4 g of Resin (9) 
according to the present invention. 

[0196] The weight average molecular weight (Mw) of Resin (9) measured by GPC was 8,800. As a result of examining 
the composition of Resin (9) by means of C 13 -NMR measurement, it was found that a molar ratio of structural units (F- 
1 )/(F-21 )/norbornene was 48/30/22. 

Monomer (a) 

[0197] 



CF 3 

cH 2 -c-cycx 

CF 3 L^J 



Synthesis Example 10 



[0198] In the same manner as in Synthesis Example 9 except for using 32.2 g (0.04 mol) of Monomer (c) shown 
below in place of Monomer (a), 34.1 g of Resin (10) according to the present invention was synthesized. 
[0199] The weight average molecular weight (Mw) of Resin (1 0) measured by GPC was 7,400. As a result of exam- 
ining the composition of Resin (10) by means of C 13 -NMR measurement, it was found that a molar ratio of structural 
units (F-1)/(F-15)/norbornene was 49/25/26. 

Monomer (c) 

[0200] 



=\ CF 3 ft CH 3 

CH 2 -C-0-CH 2 -C-0-C-CH 3 
CF 3 CH 3 
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Synthesis Examples 11 TO 14 

[0201] The resins of Component (A) shown in Table 2 below according to the present invention were synthesized in 
a manner similar to the synthesis examples above. 



TABLE 2 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(11) 


(F-1)/(F-20)/(B-4) 
=48/30/22 


9,300 


(12) 


(F-2)/(F-22)/(B-4) 
=42/39/1 9 


7,900 


(13) 


(F-12)/(F-21)/norbornene 
=23/38/39 


5,800 


(14) 


(F-1)/(F-16)/(B-16) 
=34/26/40 


9,500 



Synthesis Example 15 

[0202] In 100 ml of methyl ethyl ketone (MEK) were dissolved 14.3 g (0.04 mol) of Monomer (a) shown below, 3.9 
g (0.04 mol) of maleic anhydride and 11.7 g (0.02 mol) of 2-(perfluorooctyl)ethyl norbornene-2-carboxylate and the 
solution was heated at 70°C under nitrogen atmosphere. To the solution was added 0.2 g of V-601 (manufactured by 
Wako Pure Chemical Industries, Ltd.) as a polymerization initiator, followed by stirring for 3 hours. Further, 0.2 g of V- 
601 was added thereto, followed by continuing to stir for 4 hours. Then, the reaction solution was poured into one liter 
of tert-butyl methyl ether with vigorously stirring to deposit a white resin. The resin deposited was collected by filtration 
and dried in vacuo to obtain 16.2 g of Resin (15) according to the present invention. 

[0203] The weight average molecular weight (Mw) of Resin (1 5) measured by GPC was 8,700. As a result of exam- 
ining the composition of Resin (15) by means of C 13 -NMR measurement, it was found that a molar ratio of structural 
units (F-21)/(F-55)/maleic anhydride was 42/18/40. 

Monomer (a) 

[0204] 



Synthesis Example 16 

[0205] In 30 ml of 1 -methoxy-2-propanol were dissolved 6.7 g (0.01 5 mol) of Monomer (b) shown below, 2.7 g (0.005 
mol) of 2-(perfluorooctyl)ethyl methacrylate, 1 .2 g (0.005 mol) of 2-methyl-2-adamanthane methacrylate and 1 .0 g 
(0.005 mol) of mevalonic lactone methacrylate. To the solution were added dropwise 0.1 g of 2,2'-azobis(2,4-dimeth- 
ylvaleronitrile) (V-65 manufactured by Wako Pure Chemical Industries, Ltd.) as a polymerization initiator and 70 ml of 
1-methoxy-2-propanol solution containing 15.6 g (0.035 mol) of Monomer (b), 6.4 g (0.012 mol) of 2-(perfluorooctyl) 
ethyl methacrylate, 2.8 g (0.012 mol) of 2-methyl-2-adamanthane methacrylate and 2.4 g (0.012 mol) of mevalonic 
lactone methacrylate at 70°C under nitrogen atmosphere with stirring over a period of 2 hours. After the reaction for 
2 hours, 0.1 g of the polymerization initiator was further added, followed by reacting for 2 hours. The temperature of 
reaction solution was raised to 90°C, followed by continuing to stir for one hour. The reaction solution was allowed to 
cool and poured into one liter of a mixture of ion-exchanged water and methanol (1 /1 ) with vigorously stirring to deposit 
a white resin. The resin deposited was collected by filtration and dried in vacuo to obtain 21 .5 g of Resin (1 6) according 
to the present invention. 

[0206] The weight average molecular weight (Mw) of Resin (16) measured by GPC was 10,500. As a result of ex- 
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amining the composition of Resin (1 6) by means of C 13 -NMR measurement, it was found that a molar ratio of structural 
units (F-30)/ (F-48)/(B-7)/(B-1 1 ) was 48/1 5/1 8/1 9. 

Monomer (b) 

[0207] 



PH 3 



CH 2 =C 

0=4 



Synthesis Examples 17 TO 19 

[0208] The resins of Component (A) shown in Table 3 below according to the present invention were synthesized in 
a manner similar to the synthesis examples above. 



TABLE 3 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(17) 


(F-15)/(F-58)/maleic anhydride 
=30/24/46 


9,700 


(18) 


(F-25)/(F-55)/(B-4)/ maleic 
anhydride=21/1 8/25/36 


7,800 


(19) 


(F-30)/(F-54)/(B-7)/(B-13) 
=38/15/31/16 


9,900 



Synthesis Example 20 

[0209] In 100 ml of N,N-dimethylacetamide were dissolved 13.5g (0.05 mol) of 4-[bis(trifluoromethyl)-hydroxymethyl] 
styrene and 3.4 g (0.05 mol) of methacrylonitrile and the solution was heated at 70°C under nitrogen atmosphere. To 
the solution was added 0.1 g of 2,2'-azobis(2,4-dimethylvaleronitrile) (V-65 manufactured by Wako Pure Chemical 
Industries, Ltd.) as a polymerization initiator, followed by stirring for 3 hours. Further, 0.1 g of V-65 was added thereto, 
followed by continuing to stir for 4 hours. Then, the reaction solution was poured into one liter of a mixture of methanol 
and tert-butyl methyl ether (1/1) with vigorously stirring to deposit a white resin. The resin deposited was collected by 
filtration, dried in vacuo and then dissolved in 1 00 ml of tetrahydrofuran (THF). To the solution were added 2.9 g (0.04 
mol) of ethyl vinyl ether and then a catalytic amount of p-toluenesulfonic acid, followed by stirring at room temperature 
for 8 hours. To the solution was added triethylamine in an amount of twice of the amount of p-toluenesulfonic acid to 
terminate the reaction, and the reaction solution was poured into 3 liters of pure water with vigorous stirring. The resin 
thus-deposited was collected by filtration, dried in vacuo to obtain 1 4. 1 g of Resin (20) according to the present invention. 
[0210] The weight average molecular weight (Mw) of Resin (20) measured by GPC was 10,900. As a result of ex- 
amining the composition of Resin (20) by means of C 13 -NMR measurement, it was found that a molar ratio of structural 
units (F-39)/(F-42)/(C-10) was 16/36/48. 

Synthesis Examples 21 TO 23 

[021 1] The resins of Component (A) shown in Table 4 below according to the present invention were synthesized in 
a manner similar to the synthesis examples above. 
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TABLE 4 



Synthesis of Resin of Component (A) according to Invention. 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(21) 


(F-39)/(F-41)/(C-10) 
= 14/38/48 


11,100 


(22) 


(F-39)/(F-43)/(C-10) 
= 13/39/48 


12,600 


(23) 


(F-1)/(B-4)/(C-8) 
=43/34/23 


7,400 



Synthesis Examples 24 TO 41 
Synthesis of Resin (25) 

[0212] In a 100-ml, three necked flask equipped with a reflux condenser and a nitrogen inlet pipe were charged 
4-(2-hydroxyhexafluoroisopropyl)styrene (manufactured by Central Glass Co., Ltd.) and 4-(1-methoxyethyl)styrene 
(manufactured by Tosoh Corp.) in a molar ratio of 50/50 and tetrahydrofuran was added thereto to prepare 30 g of a 
reaction solution having the monomer concentration of 30% by weight. The reaction solution was heated to 65°C with 
stirring under nitrogen atmosphere. Then, 2,2'-azobis(2,4-dimethylvaleronitrile) (V-65 manufactured by Wako Pure 
Chemical Industries, Ltd.) was added thereto as a polymerization initiator in an amount corresponding to 5.0% by mole 
based on the total molar amount of the above-described two kinds of monomers, followed by reacting with stirring 
under nitrogen atmosphere for 8 hours. To the resulting reaction solution was added 200 ml of hexane, the polymer 
synthesized was deposited in the solution to separate the unreacted monomer, thereby purifying the polymer. The 
composition of Resin (25) determined by means of C 13 -NMR measurement was 49/51 in a molar ratio. 
[0213] As a result of analyzing the resin by GPC (using tetrahydrofuran (THF) as the solvent) and being calculated 
in terms of standard polystyrene, it was found that the weight average molecular weight was 10,200, the dispersity 
was 2.20 and the ratio of component having the molecular weight of 1 ,000 or less in the resin was 15% by weight. 
[0214] The resins of Component (A) shown in Table 5 below according to the present invention were synthesized in 
a manner similar to the synthesis example above. 



TABLE 5 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(24) 


(ll-1)/(A-1)=48/52 


8,900 


(25) 


(ll-1)/(A-2)=49/51 


10,200 


(26) 


(ll-1)/(A-3')=53/47 


5,800 


(27) 


(11-1 )/(A-1 0)=61/39 


10,200 


(28) 


(ll-1)/(A-19)=64/36 


8,500 


(29) 


(ll-1)/(A-34)=60/40 


8,600 


(30) 


(ll-1)/(A-35)=51/49 


8,800 


(31) 


(ll-2)/(A-19)=64/36 


10,100 


(32) 


(ll-4)/(A-26)=52/48 


12,100 


(33) 


(ll-1)/(B-7)=78/22 


9,200 


(34) 


(ll-1)/(A-19)/(VII-2)=64/26/10 


9,200 


(35) 


(ll-1)/(A-19)/(F72)=58/33/9 


9,500 


(36) 


(ll-1)/(B-4)/(VII-2)=61/24/15 


10,600 


(37) 


(ll-3)/(B-8)/(F-7)=49/36/15 


9,200 
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TABLE 5 (continued) 



10 



Synthesis of Resin of Component (A) according to Invention 


Resin of Component (A) 


Composition (structural unit and molar ratio in resin) 


Molecular Weight 


(38) 


(ll-4)/(B-12')/(F-24)=59/33/8 


8,300 


(39) 


(ll-1)/(A-1)/(B-6)=48/30/22 


9,200 


(40) 


(ll-1)/(A-2)/(B-8)=51/39/10 


8,400 


(41) 


(11-1 )/(A-1 )/(B-1 )/(C-1 ) =48/36/1 1/5 


10,200 



Examples 101 to 126 and Comparative Examples 101 to 103 

[0215] A sample solution was prepared by dissolving 1 .2 g of the resin of Component (A) as shown in Tables 1 to 5 
above, 0.03 g of the photo-acid generator (Component (B) of the present invention or other acid generator), 1 00 ppm 
of the surface active agent of Component (C) and 0.001 2 g of the basic compound of Component (D) in 1 9.6 g of the 
solvent, as shown in Table 6 below. The solution was filtered through a Teflon filter having a pore size of 0.1 jum, 
whereby a positive resist composition for each of Examples 101 to 126 and Comparative Example 101 to 103 was 
prepared. 

[0216] The reference number of photo-acid generator used in Table 6 means the number assigned to each of the 
acid generators shown hereinbefore as the specific examples. 



TABLE 6 



25 


Example 


Resin 
(A) 


Photo-Acid 
Generator 
(weight ratio) 


Surface Active 
Agent 

(C) 


Basic Compound 
(D) 

(weight ratio) 


Solvent 
(weight ratio) 




101 


0) 


(11-1) 


W-1 


N-3 


S-2 


30 


102 


(2) 


(II-2) 


W-1 


N-1 


S-2 


103 


(3) 


(II-3) 


W-1 


N-1/N-2 
=50/50 


S-2 




104 


(4) 


(II-4) 


W-1 


N-4 


S-2 


35 


105 


(5) 


(II-5) 


W-1 


N-2 


S-2 




106 


(6) 


(II-6) 


W-1 


N-6 


S-2 




107 


(7) 


(II-7) 


W-2 


N-3 


S-2 




108 


(8) 


(II-8) 


W-1 


N-7 


S-2 


40 


109 


(9) 


(II-9) 


W-1 


N-5 


S-2/S-3 =80/20 




110 


(10) 


(11-10) 


W-1 


N-4 


S-2 


45 


111 


(11) 


(11-11) 


W-2 


N-2/N-3 
=50/50 


S-2/S-3 
=90/10 


112 


(12) 


(11-12) 


W-1 


N-5 


S-2 




113 


(13) 


(11-13) 


W-1 


N-3 


S-2 




114 


(14) 


(11-14) 


W-1 


N-1 


S-2 


50 


115 


(15) 


(11-15) 


W-1 


N-2 


S-2/S-3 
=70/30 




116 


(17) 


(11-16) 


W-2 


N-6 


S-2 




117 


(18) 


(11-17) 


W-2 


N-1 


S-2 


55 


118 


(19) 


(11-19) 


W-1 


N-7 


S-2 




119 


(21) 


(II-20) 


W-1 


N-7 


S-2 
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TABLE 6 (continued) 



Example 


Resin 


Photo-Acid 
oeneraior 
(weight ratio) 


Surface Active 
Agent 

(C) 


Basic Compound 
(weight ratio) 


Solvent 

^weiyru \3l\0) 






(\\ oi ^ 


\A/ 1 
VV I 


M 1 
In- I 




121 


(23) 


(II-22) 


W-1 


N-1 


S-2 


122 


(39) 


(ll-11)/(lll-48) 
=50/50 


W-2 


N-2 


S-2 


123 


(41) 


(ll-11)/(lll-1) 
=50/50 


W-1 


N-3 


S-1/S-2 
=5/95 


124 


(24) 


(11-11 )/(PAG4-1) 
=50/50 


W-1 


N-3 


S-2/S-3 
=90/10 


125 


(26) 


(11-11 )/(PAG5-1) 
=50/50 


W-1 


N-4 


S-1/S-2 
=5/95 


126 


(32) 


(11-11 )/(PAG7-1) 
=50/50 


W-1 


N-5 


S-2 


Comparative 
Example 101 


(1) 


(PAG4-1) 


W-1 


N-2 


S-2 


Comparative 
Example 102 


(26) 


(PAG4-1) 


W-1 


N-3 


S-1/S-2 
=5/95 


Comparative 
Example 103 


(*1) 


(11-1) 


W-2 


N-2 


S-2 



(*1 ) : [p-1 -(ethoxy)ethoxy]styrene/p-hydroxystyrene=35/65 



[0217] In Table 6 above, the abbreviations of the surface active agents indicate the following compounds: 

W-1: Megafax F176 (manufactured by Dainippon Ink and Chemicals, Inc.) (fluorine-based) 

w-2: Megafac R08 (manufactured by Dainippon Ink and Chemicals, Inc.) (fluorine- and silicon-based) 

[0218] In Table 6 above, the abbreviations of the basic compounds indicate the following compounds: 

N-1 : 1 ,5-Diazabicyclo[4.3.0]-5-nonene 

N-2: 2,4,5-Triphenylimidazole 

N-3: N-Hydroxyethylpiperidine 

N-4: 2,6-Diisopropylaniline 

N-5: Dicyclohexylmethylamine 

N-6: Hexamethylenetetramine 

N-7: 1 ,8-Diazabicyclo[5.4.0]-7-undecene 

[0219] In Table 6 above, the abbreviations of the solvents indicate the following compounds: 

S-1 : Ethyl lactate 

S-2: Propylene glycol monomethyl ether acetate 
S-3: Propylene glycol monomethyl ether 

[0220] With respect to each resist composition, the transmittancy, defocus latitude (DOF) and photocrosslinking were 
evaluated in the following manner. 

[0221] The results of evaluation are shown in Table 7 below. 
(1 ) Measurement of Transmittancy 

[0222] Each of the positive resist compositions described above was applied on an MgF 2 substrate by a spin coater 
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and baked at 100°C for 90 seconds using a hot plate to prepare a resist film having 200 nm on the MgF 2 substrate. 
The transmittancy of the resist film at 1 57 nm was measured by means of a vacuum ultraviolet photometer (VUV200S 
manufactured by JASCO Corp.). 

(2) Evaluation of Defocus Latitude (DOF) 

[0223] On a silicon substrate was uniformly coated a bottom anti-reflective coating film (BARC film) (ARC25 manu- 
factured by Brewer Science, Inc.) having a thickness of 600 angstroms by a spin coater, followed by heating at 1 90°C 
for 240 seconds to dry. On the bottom anti-reflective coating film was coated each of the positive resist compositions 
described above by a spin coater, followed by heating at 120°C for 90 seconds to dry, thereby preparing a resist film 
having a thickness of 0.3 jum. The resist film was subjected to image formation using an KrF excimer stepper (FPA- 
3000EX5 manufacture by Canon Inc., NA=0.60), heated at 110°C for 90 seconds after the exposure, and then devel- 
oped with a 0.262 N aqueous tetramethylammonium hydroxide (TMAH) solution to prepare a L/S pattern of 0.20 jim. 
[0224] The defocus latitude (DOF) of 0.20 |um in an exposure amount necessary for reproducing 0.20-|um line and 
space (=1/1) pattern was observed. 

(3) Evaluation of Photocrosslinking 

[0225] Each of the positive resist compositions described above was applied on a silicon wafer, which had been 
subjected to treatment with hexamethylenedisilazane in advance, using a spin coater and heated at 120°C for 90 
seconds on a hot plate to dry, thereby preparing a resist film having a thickness of 0.1 jum. 

[0226] The resist film was exposed in an exposure amount ranging from 1 mJ/cm 2 to 100 mJ/cm 2 using a laser 
irradiation apparatus of 157 nm (VUVES-4500 manufactured by Litho Tech Japan Corp.), heated at 110°C for 90 sec- 
onds using a hot plate after the exposure, and then subjected to development with a 0.262 N aqueous tetramethylam- 
monium hydroxide (TMAH) solution. 

[0227] The thickness of resist film after the development was measured and evaluated according to the following 
criteria: 

O : The resist film was completely dissolved in the area irradiated with the large exposure amount of from 50 mJ/ 
cm 2 to 1 00 mJ/cm 2 

x : The resist film remained in the area irradiated with the large exposure amount of from 50 mJ/cm 2 to 100 mJ/ 
cm 2 to cause concerns about the photocrosslinking. 



TABLE 7 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude Qnim) 


Photocross-linking 


101 


48 


0.7 


O 


102 


43 


0.7 


O 


103 


45 


0.7 


o 


104 


42 


0.8 


o 


105 


48 


0.7 


o 


106 


49 


0.7 


o 


107 


46 


0.8 


o 


108 


45 


0.6 


o 


109 


44 


0.7 


o 


110 


42 


0.8 


o 


111 


47 


0.7 


o 


112 


48 


0.9 


o 


113 


49 


0.8 


o 


114 


46 


0.8 


o 
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TABLE 7 (continued) 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude (nm) 


Photocross-linking 


115 


45 


0.7 


O 


116 


44 


0.7 


O 


117 


42 


0.7 


o 


118 


47 


0.8 


o 


119 


43 


0.7 


o 


120 


45 


0.8 


o 


121 


42 


0.8 


o 


122 


48 


0.7 


o 


123 


49 


0.7 


o 


124 


46 


0.8 


o 


125 


45 


0.7 


o 


126 


44 


0.7 


o 


Comparative Example 101 


34 


0.4 


X 


Comparative Example 102 


35 


0.5 


X 


Comparative Example 103 


18 


0.6 


o 



[0228] It can be seen from the results shown in Table 7 that the positive resist composition of the present invention 
has the high transmittancy and broad defocus latitude and is excellent in the evaluation of photocrosslinking because 
of the substantially complete dissolution of resist film. 

[0229] Further, with respect to each resist composition described above, the line edge roughness (LER) and footing 
profile were evaluated in the following manner. 



(4) Evaluation of Line Edge Roughness (LER) 

[0230] On a silicon substrate was uniformly coated a bottom anti-reflective coating film (BARC film) (ARC25 manu- 
factured by Brewer Science, Inc.) having a thickness of 600 angstroms by a spin coater, followed by heating at 1 90°C 
for 240 seconds to dry. On the bottom anti-reflective coating film was coated each of the positive resist compositions 
described above by a spin coater, followed by heating at 120°C for 90 seconds to dry, thereby preparing a resist film 
having a thickness of 0.1 2 jim. 

[0231] The resist film was exposed through a contact mask using a laser irradiation apparatus of 157 nm (VUVES- 
4500 manufactured by Litho Tech Japan Corp.) in an exposure amount ranging from 1 to 1 00 mJ/cm 2 , heated at 11 0°C 
for 90 seconds using a hot plate after the exposure, and then subjected to development with a 0.262 N aqueous 
tetramethylammonium hydroxide (TMAH) solution to prepare a line and space (1/1) pattern of 0.35 jum. 
[0232] The evaluation of line edge roughness was conducted by measuring the edge of 0.35-jiim line and space (1 /1 ) 
using a critical dimension scanning electron microscope (CD-SEM). Specifically, the pattern edge was detected in 
multiple positions in the measuring monitor and the dispersion (3a) at the multiple positions of detection was used an 
index of the line edge roughness. As the value is smaller, the line edge roughness is better. 

(5) Evaluation of footing profile 

[0233] The line and space (1/1) pattern of 0.35 jum was observed by a scanning electron microscope (S-8840 man- 
ufactured by Hitachi, Ltd.) and a degree of the footing profile was evaluated according to the following equation: 

(B - A)/2B x 1 00 (%) 

wherein A and B each represent length shown in Fig. 1 . As the value is smaller, the degree of footing profile is smaller. 
[0234] The results of evaluation are shown in Table 8. 
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TABLE 8 





Example 


Line Edge Roughness 


Footing Profile 


5 


101 


4.9 


15 




102 


5.0 


14 




103 


5.1 


13 


10 


104 


5.1 


14 


105 


4.9 


12 




106 


5.0 


15 




107 


4.9 


12 


1 R 
7 O 


108 


4.8 


13 




109 


5.1 


14 




110 


5.0 


15 


20 


111 


4.9 


13 


112 


4.8 


12 




113 


4.9 


14 




114 


4.7 


13 


25 


115 


4.8 


15 




116 


4.9 


13 




117 


4.8 


14 


30 


118 


4.8 


15 


119 


4.9 


15 




120 


5.1 


16 




121 


4.9 


15 


35 


122 


5.0 


14 




123 


5.2 


13 




124 


6.1 


13 


40 


125 


5.9 


13 


126 


5.0 


15 




Comparative Example 101 


9.3 


30 




Comparative Example 102 


10.8 


35 


45 


Comparative Example 103 







*1): The evaluation could not be conducted. 



[0235] It can be seen from the results shown in Table 8 that the positive resist composition of the present invention 
reduces the degree of line edge roughness and exhibits the small degree of footing profile. 

Examples 201 to 243 and Comparative Examples 201 to 203 

[0236] A sample solution was prepared by dissolving 1 .2 g of the resin of component (A) as shown in Tables 1 to 5 
above, 0.03 g of the photo-acid generator (Component (B) of the present invention or other acid generator), 1 00 ppm 
of the surface active agent of Component (C) and 0.001 2 g of the basic compound of Component (D) in 1 9.6 g of the 
solvent, as shown in Tables 9 and 10 below. The solution was filtered through a Teflon filter having a pore size of 0.1 
|um, whereby a positive resist composition for each of Examples 201 to 243 and Comparative Example 201 to 203 was 
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prepared. 

[0237] The reference number of photo-acid generator used in Tables 9 and 1 0 means the number assigned to each 
of the acid generators shown hereinbefore as the specific examples. 



5 TABLE 9 





Example 


Resin (A) 


Photo-Acid Generator 


Surface Active Agent 


Basic Compound (D) 

f\A/pinht ratifM 

^VVCiyilL \ CLL\\J J 


Solvent 

^VVCILJIIL \ CLl\KJ } 




201 


\ 1 ) 


(111-1 ) 


W-1 


N-3 


S-2 


10 


202 


(2) 


(III-2) 


W-1 


N-1 


S-2 




203 


(3) 


(III-5) 


W-1 


N-1/N-2=50/50 


S-2 




204 


(4) 


(III-6) 


W-1 


N-4 


S-2 


15 


205 


(5) 


(III-7) 


W-1 


N-2 


S-2 




206 


(6) 


(III-8) 


W-1 


N-6 


s-2 




207 


(7) 


(III-9) 


W-2 


N-3 


S-2 




208 


(8) 


(111-10) 


W-1 


N-7 


S-2 


20 


209 


(9) 


(111-11) 


W-1 


N-5 


S-2/S-3 
=80/20 




210 


(10) 


(111-12) 


W-1 


N-4 


S-2 


25 


211 


(11) 


(111-13) 


W-2 


N-2/N-3=50/50 


S-2/S-3 
=90/10 




212 


(12) 


(111-14) 


W-1 


N-5 


S-2 




213 


(13) 


(111-15) 


W-1 


N-3 


S-2 


30 


214 


(14) 


(111-16) 


W-1 


N-1 


S-2 


215 


(15) 


(111-17) 


W-1 


N-2 


S-2/S-3 
=70/30 




216 


(17) 


(111-18) 


W-2 


N-6 


S-2 


35 


217 


(18) 


(III-23) 


W-2 


N-1 


S-2 




218 


(19) 


(III-25) 


W-1 


N-7 


S-2 




219 


(21) 


(III-28) 


W-1 


N-7 


S-2 


40 


220 


(22) 


(111-31) 


W-1 


N-1 


s-2 


221 


(23) 


(III-36) 


W-1 


N-1 


S-2 




222 


(24) 


(III-42) 


W-2 


N-2 


S-2 


45 


223 


(26) 


(III-44) 


W-1 


N-3 


S-1/S-2 
=5/95 


224 


(28) 


(III-46) 


W-1 


N-3 


S-2/S-3 
=90/10 


50 


225 


(31) 


(III-47) 


W-1 


N-4 


S-1/S-2 
=5/95 


226 


(32) 


(lll-1)/(lll-48) 
=50/50 


W-1 


N-5 


S-2 




227 


(33) 


(III-49) 


W-1 


N-2 


S-2 


55 


228 


(34) 


(lll-1)/(lll-50) 
=50/50 


W-1 


N-3 


S-2 




229 


(35) 


(III-53) 


W-2 


N-1 


S-2 
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TABLE 9 (continued) 



Example 


Resin (A) 


Photo-Acid Generator 
(weight ratio) 


Surface Active Agent 
(C) 


Basic Compound (D) 
(weight ratio) 


Solvent 
(weight ratio) 


230 


(36) 


(lll-1)/(lll-54) 
=50/50 


W-1 


N-6 


S-2/S-4 
=95/5 



TABLE 10 



Example 


Resin 
(A) 


Photo- Acid 
Generator 
(weight ratio) 


Surface Active 
Agent 

(c) 


Basic Compound 
(D) 

(weight ratio) 


Solvent 
(weight ratio) 


231 


(37) 


(lll-1)/(lll-55) 
=50/50 


W-1 


N-4 


S-1/S-2 
=10/90 


232 


(38) 


(III-59) 


W-1 


N-7 


S-2 


233 


(39) 


(III-60) 


W-1 


N-5 


S-2 


234 


(40) 


(111-61) 


W-2 


N-6 


S-2/S-5 
=95/5 


235 


(41) 


(III-62) 


W-1 


N-2 


S-2 


236 


(24) 


(lll-1)/(lll-63) 
=50/50 


W-1 


N-4 


S-1/S-2 
=40/60 


237 


(25) 


(lll-1)/(lll-64) 
=50/50 


W-1 


N-5 


S-2/S-3 
=50/50 


238 


(26) 


(lll-1)/(PAG4-1) 
=50/50 


W-4 


N-6 


S-2 


239 


(27) 


(lll-1)/(PAG4-2) 
=50/50 


W-1 


N-5 


S-2 


240 


(28) 


(lll-1)/(lll-5) 
=50/50 


W-1 


N-7 


S-2/S-6 
=95/5 


241 


(29) 


(lll-1)/(PAG7-1) 
=50/50 


W-3 


N-2 


S-2/S-3 
=50/50 


242 


(30) 


(lll-1)/(PAG5-2) 
=50/50 


W-1 


N-3 


S-2/S-7 
=95/5 


243 


(26) 


(lll-1)/(PAG5-2) 
=50/50 


W-1 


N-4 


S-2 


Comparative 
Example 201 


(1) 


(PAG4-1) 


W-1 


N-2 


S-2 


Comparative 
Example 202 


(26) 


(PAG4-1) 


W-2 


N-3 


S-1/S-2 
=5/95 


Comparative 
Example 203 


(*2) 


(111-1) 


W-1 


N-2 


S-2 



(*2) : [p-1-(ethoxy)ethoxy]styrene/p-hydroxystyrene=35/65 



[0238] In Tables 9 and 10 above, the abbreviations of the surface active agents indicate the following compounds: 

W-1: Megafax F176 (manufactured by Dainippon Ink and Chemicals, Inc.) (fluorine-based) 
W-2: Megafac R08 (manufactured by Dainippon Ink and Chemicals, Inc.) (fluorine- and silicon-based) 
W-3: Polysiloxane Polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) (silicon-based) 
W-4: Troysol S-366 (manufactured by Troy Chemical Co., Ltd.) 
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[0239] In Tables 9 and 10 above, the abbreviations of the basic compounds indicate the following compounds: 

M-1 : 1 ,5-Diazabicyclo[4.3.0]-5-nonene 

N-2: 2,4,5-Triphenylimidazole 

N-3: N-Hydroxyethylpiperidine 

N-4: 2,6-Diisopropylaniline 

N-5: Dicyclohexylmethylamine 

N-6: Hexamethylenetetramine 

N-7: 1 ,8-Diazabicyclo[5.4.0]-7-undecene 

[0240] In Tables 9 and 10 above, the abbreviations of the solvents indicate the following compounds: 

S-1 : Ethyl lactate 

S-2: Propylene glycol monomethyl ether acetate 

S-3: Propylene glycol monomethyl ether 

S-4: 2-Heptanone 

S-5: Ethyl ethoxypropionate 

S-6: y-butyro lactone 

S-7: Butyl acetate 

[0241] with respect to each resist composition, the transmittancy, defocus latitude (DOF) and line edge roughness 
(LER) were evaluated in the following manner. 

[0242] The results of evaluation are shown in Tables 11 and 12 below. 

(1 ) Measurement of Transmittancy 

[0243] Each of the positive resist compositions described above was applied on an MgF 2 substrate by a spin coater 
and baked at 100°C for 90 seconds using a hot plate to prepare a resist film having 200 nm on the MgF 2 substrate. 
The transmittancy of the resist film at 157 nm was measured by means of a vacuum ultraviolet photometer (VUV200S 
manufactured by JASCO Corp.). 

(2) Evaluation of Defocus Latitude (DOF) 

[0244] On a silicon substrate was uniformly coated a bottom anti-reflective coating film (BARC film) (ARC25 manu- 
factured by Brewer Science, Inc.) having a thickness of 600 angstroms by a spin coater, followed by heating at 1 90°C 
for 240 seconds to dry. On the bottom anti-reflective coating film was coated each of the positive resist compositions 
described above by a spin coater, followed by heating at 120°C for 90 seconds to dry, thereby preparing a resist film 
having a thickness of 0.3 jum. The resist film was subjected to image formation using an KrF excimer stepper (FPA- 
3000EX5 manufacture by Canon Inc., NA=0.60), heated at 110°C for 90 seconds after the exposure, and then devel- 
oped with a 0.262 N aqueous tetramethylammonium hydroxide (TMAH) solution to prepare a L/S pattern of 0.20 jim. 
[0245] The defocus latitude (DOF) of 0.20 jum in an exposure amount sufficient for reproducing 0.20-|um line and 
space (=1/1) pattern was observed. 

(3) Evaluation of Line Edge Roughness (LER) 

[0246] The evaluation of line edge roughness was conducted by measuring the edge of 0.20-jnm line and space 
(=1/1 ) using a critical dimension scanning electron microscope (CD-SEM). Specifically, the pattern edge was detected 
in multiple positions in the measuring monitor and the dispersion (3a) at the multiple positions of detection was used 
an index of the line edge roughness. As the value is smaller, the line edge roughness is better. 



TABLE 11 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude (jum) 


Line Edge Roughness 


201 


42 


0.7 


4.5 


202 


49 


0.7 


4.3 


203 


46 


0.7 


4.1 
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10 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude (jim) 


Line Edge Roughness 


204 


45 


0.8 


3.8 


205 


47 


0.7 


3.6 


206 


42 


0.7 


3.7 


207 


46 


0.8 


3.5 


208 


44 


0.6 


3.8 


209 


41 


0.7 


3.9 


210 


45 


0.8 


4.1 


211 


47 


0.7 


4.0 


212 


43 


0.9 


4.3 


213 


45 


0.8 


4.2 


214 


42 


0.8 


4.4 


215 


48 


0.7 


4.1 


216 


49 


0.7 


3.6 


217 


46 


0.7 


3.8 


218 


45 


0.8 


3.9 


219 


44 


0.7 


3.8 


220 


46 


0.8 


3.6 



TABLE 12 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude (nm) 


Line Edge Roughness 


221 


47 


0.8 


3.7 


222 


45 


0.7 


3.4 


223 


46 


0.7 


3.7 


224 


42 


0.8 


3.5 


225 


48 


0.7 


3.6 


226 


49 


0.7 


3.5 


227 


46 


0.7 


3.4 


228 


45 


0.8 


3.4 


229 


45 


0.8 


3.6 


230 


47 


0.7 


3.5 


231 


48 


0.7 


3.8 


232 


46 


0.8 


3.7 


233 


45 


0.7 


3.6 


234 


43 


0.8 


3.8 


235 


47 


0.8 


3.7 


236 


46 


0.7 


3.6 


237 


46 


0.9 


4.3 


238 


45 


0.7 


4.2 
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TABLE 12 (continued) 



Example 


Transmittancy at 157 nm (%) 


Defocus Latitude (nm) 


Line Edge Roughness 


239 


47 


0.8 


4.1 


240 


46 


0.7 


4.1 


241 


45 


0.8 


4.1 


242 


46 


0.7 


3.9 


243 


48 


0.7 


3.8 


Comparative Example 201 


34 


0.4 


6.8 


Comparative Example 202 


35 


0.5 


5.6 


Comparative Example 203 


18 


0.6 


10.5 



[0247] It can be seen from the results shown in Tables 11 and 12 that the positive resist composition of the present 
invention has the high transmittancy and broad defocus latitude and reduces the degree of line edge roughness. 
[0248] Further, with respect to each resist composition described above, the line edge roughness (LER), footing 
profile and photocrosslinking were evaluated in the following manner. 



(4) Evaluation of Line Edge Roughness (LER) 

[0249] On a silicon substrate was uniformly coated a bottom anti-reflective coating film (BARC film) (ARC25 manu- 
factured by Brewer Science, Inc.) having a thickness of 600 angstroms by a spin coater, followed by heating at 1 90°C 
for 240 seconds to dry. On the bottom anti-reflective coating film was coated each of the positive resist compositions 
described above by a spin coater, followed by heating at 120°C for 90 seconds to dry, thereby preparing a resist film 
having a thickness of 0.1 2 jum. 

[0250] The resist film was exposed through a contact mask using a laser irradiation apparatus of 157 nm (VUVES- 
4500 manufactured by Litho Tech Japan Corp.) in an exposure amount ranging from 1 to 100 mJ/cm 2 , heated at 110°C 
for 90 seconds using a hot plate after the exposure, and then subjected to development with a 0.262 N aqueous 
tetramethylammonium hydroxide (TMAH) solution to prepare a line and space (1/1) pattern of 0.35 jwn. 
[0251 ] The evaluation of line edge roughness was conducted by measuring the edge of 0.35-jum line and space (1/1 ) 
using a critical dimension scanning electron microscope (CD-SEM). Specifically, the pattern edge was detected in 
multiple positions in the measuring monitor and the dispersion (3a) at the multiple positions of detection was used an 
index of the line edge roughness. As the value is smaller, the line edge roughness is better. 

(5) Evaluation of footing profile 

[0252] The line and space (1/1) pattern of 0.35 jum was observed by a scanning electron microscope (S-8840 man- 
ufactured by Hitachi, Ltd.) and a degree of the footing profile was evaluated according to the following equation: 

(B - A)/2B x 1 00 (%) 

wherein A and B each represent length shown in Fig. 1 . As the value is smaller, the degree of footing profile is smaller. 

(6) Evaluation of Photocrosslinking 

[0253] Each of the positive resist compositions described above was applied on a silicon wafer, which had been 
subjected to treatment with hexamethylenedisilazane in advance, using a spin coater and heated at 120°C for 90 
seconds on a hot plate to dry, thereby preparing a resist film having a thickness of 0.1 jum. 

[0254] The resist film was exposed in an exposure amount ranging from 1 mJ/cm 2 to 100 mJ/cm 2 using a laser 
irradiation apparatus of 157 nm (VUVES-4500 manufactured by Litho Tech Japan Corp.), heated at 110°C for 90 sec- 
onds using a hot plate after the exposure, and then subjected to development with a 0.262 N aqueous tetramethylam- 
monium hydroxide (TMAH) solution. 

[0255] The thickness of resist film after the development was measured and evaluated according to the following 
criteria: 
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O: The resist film was completely dissolved in the area irradiated with the large exposure energy amount of from 
50 mJ/cm 2 to 1 00 mJ/cm 2 . 

x: The resist film remained in the area irradiated with the large exposure amount of from 50 mJ/cm 2 to 100 mJ/ 
cm 2 to cause concerns about the photocrosslinking. 

5 



[0256] The results of evaluation are shown in Table 13. 

TABLE 13 



10 


Example 


Line Edge Roughness 


Footing Profile 


Photocross- linking 




O.U 


1 4 


{J 
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D. \ 


1 0 
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H O 
1 O 


r\ 
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cr r\ 
O.U 


1 4 


{J 




one 


4.y 


H fr 
1 O 




20 


ti\J I 


O. 1 


1 fr 
1 0 




<L\jo 


A Q 

4.y 


1 D 






^uy 


cr r\ 


h cr 
1 O 






o -\ c\ 


cr o 


1 4 




25 


<L \ 1 


4.y 


1 O 








O. 1 


1 O 






O 1 Q 


A Q 

4.y 


1 O 




30 


O A A 


O.U 


h cr 
\ O 




^ I O 


O.^ 


1 O 


D 




one 


D. 1 


1 O 


{J 




O-l 7 


o.y 


1 4 


r~\ 
<J 


35 


^lo 


O.U 


1 O 


r\ 
LJ 




<i i y 


A Q 

4.y 


1 0 






oon 
^U 


cr -h 
O. 1 


1 o 




40 


001 


A Q 

4.y 


H O 

1 o 








O.U 


1 4 










1 O 








D. I 


I o 




45 


225 


5.9 


15 


O 




226 


5.0 


16 


O 




227 


5.2 


14 


O 


50 


228 


4.9 


15 


O 




229 


5.1 


15 


O 




230 


5.2 


16 


O 




231 


6.1 


15 


o 


55 


232 


5.9 


14 


o 




233 


5.0 


13 


o 
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TABLE 13 (continued) 



Example 


Line Edge Roughness 


Footing Profile 


Photocross-linking 


234 


4.9 


13 


O 


235 


5.1 


13 


O 


236 


4.9 


15 


o 


237 


5.0 


15 


o 


238 


5.2 


13 


o 


239 


6.1 


14 


o 


240 


5.9 


13 


o 


241 


5.0 


15 


o 


242 


5.3 


15 


o 


243 


5.2 


13 


o 


Comparative Example 201 


9.3 


30 


X 


Comparative Example 202 


10.8 


35 


X 


Comparative Example 203 




-*1) 


o 



*1): The evaluation could not be conducted. 



[0257] It can be seen from the results shown in Table 1 3 that the positive resist composition of the present invention 
reduces the degree of line edge roughness, exhibits the small degree of footing profile and is excellent in the evaluation 
of photocrosslinking because of the substantially complete dissolution of resist film. 

[0258] According to the present invention, the positive resist composition, which exhibits the sufficient transmittancy 
in a short wavelength region of not more than 160 nm, particularly an F2 excimer laser beam (157 nm), has a broad 
defocus latitude, forms a resist film that is substantially completely dissolved upon development with adeveloper without 
concerns about the photocrosslinking, and is prevented from the occurrence of line edge roughness, can be provided. 
[0259] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority 
has been claimed in the present application is incorporated herein by reference, as if fully set forth herein. 
[0260] While the invention has been described in detail and with reference to specific examples thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 



Claims 

1. A positive resist composition comprising (A) a fluorine group-containing resin, which has a structure substituted 
with a fluorine atom in the main chain and/or side chain of polymer skeleton and a group that is decomposed by 
the action of an acid to increase solubility in an alkali developer and (B) an acid generator capable of generating 
an acid upon irradiation of an actinic ray or radiation, and the acid generator of (B) is a compound selected from 
a sulfonium salt containing no aromatic ring and a compound having a phenacylsulfonium salt structure. 

2. The positive resist composition as claimed in Claim 1 , wherein the fluorine group-containing resin of (A) is a resin 
containing at least one moiety selected from a perfluoroalkylene group and a perfluoroarylene group in the main 
chain of polymer skeleton or a resin containing at least one moiety selected from a perfluoroalkyl group, a per- 
fluoroaryl group, a hexafluoro-2-propanol group and a group obtained by protecting the hydroxy group of hex- 
afluoro-2-propanol group in the side chain of polymer skeleton. 

3. The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) has at 
least one of repeating units represented by the following formulae (I) to (X): 
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(R 2 o) y 



(X) 



wherein R 0 and R 1 each represent a hydrogen atom, a fluorine atom, an alkyl group which may have a substituent, 
a perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; R 2 to R 4 each represent an alkyl group which may have a substituent, a 
perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; or R 0 and R 1? R 0 and R 2 or R 3 and R 4 may be combined with each other to 
form a ring; R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group 
which may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl 
group which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , 
which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may 
have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group which may have a 
substituent; R 9 and R 10 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent or a haloalkyl group which may have a substituent; 
R^ and R 12 , which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen 
atom, a cyano group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may 
have a substituent or an aryl group which may have a substituent; R 13 and R 14 , which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent 



72 



EP 1 319 981 A2 



or a haloalkyl group which may have a substituent; R 15 represents an alkyl group having a fluorine atom, a mono- 
cyclic or polycyclic cycloalkyl group having a fluorine atom, an alkenyl group having a fluorine atom, an aralkyl 
group having a fluorine atom or an aryl group having a fluorine atom; R 16 , R 17 and R 18 , which may be the same 
or different, each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent, a perfluoroalkyl group which may have a substituent, an alkoxy group which may have a substituent 
or -CO-0-R 15 ; R 19 , R 20 and R 21 , which may be the same or different, each represent a hydrogen atom, a fluorine 
atom, an alkyl group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a fluorine atom, 
an alkenyl group having a fluorine atom, an aralkyl group having a fluorine atom, an aryl group having a fluorine 
atom or an alkoxy group having a fluorine atom, provided that at least one of R 19 , R 20 and R 21 is a substituent 
other than a hydrogen atom; A 1 and A 2 each represent a single bond, a divalent group selected from an alkylene 
group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a substituent, 
-0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, each represent 
a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group 
and an arylene group, each of which may have an ether group, an ester group, an amido group, a urethane group 
or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may 
have a substituent; n represents 0 or 1 ; and x, y and z each represent an integer of from 0 to 4. 

The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) further 
has at least one of repeating units represented by the following formulae (XI) to (XIII): 



^26 f*27 
-{-CH-C4- 
A 3 

R28 
(XI) 

wherein R 26 , R 27 and R 32 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent or a haloalkoxy group which may have a substituent; 
R 28 and R 39 each represent -C(R 36 ) (R 37 ) (R38). ~C(R 36 ) (R37) (OR 39 ) or a group represented by the following 
formula (XIV); 




(XIV) 



wherein R 29 , R 30 and R 31 , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent, a perfluoroalkyl group which may have a substituent, 
an alkoxy group which may have a substituent or -CO-0-R 28 ; R 34 and R 35 , which may be the same or different, 
each represent a hydrogen atom, a hydroxy group, a halogen atom, a cyano group, an alkoxy group, an acyl group, 
an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group 
which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may have a 
substituent; R 36 , R 37 , R 38 and R 39 , which may be the same or different, each represent an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substit- 
uent, an alkynyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl 
group which may have a substituent; or two of R 36 , R 37 and R 38 or two of R 36 , R 37 and R 39 may be combined with 
each other to form a ring; R 40 represents an alkyl group which may have a substituent, a cycloalkyl group which 
may have a substituent, an alkenyl group which may have a substituent, an alkynyl group which may have a 
substituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; A 3 and 
A 4 each represent a single bond, a divalent group selected from an alkylene group, an alkenylene group, a cy- 




(XU) 



*j*32 

-f-CH 2 <p-7- 



R 3 r 



O-R33 



(xm) 
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cloalkylene group and an arylene group, each of which may have a substituent, -OCO-R 22 -, -CO-0-R 23 - or -CO-N 
(R 24 )-R 2 5-; R22' R 23 and R 25' which may be the same or different, each represent a single bond or a divalent group 
selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which 
may have an ether group, an ester group, an amido group, a urethane group or a ureido group; R 24 represents a 
hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, 
an aralkyl group which may have a substituent or an aryl group which may have a substituent; Z represents an 
atomic group necessary for forming a monocyclic or polycyclic alicyclic group together with the carbon atom; and 
n represents 0 or 1 . 

The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) further 
has at least one of repeating units represented by the following formulae (XV) to (XVII): 



^42 

f> A -fCHa-CHf- ^CH 2 -C-^ 

o-SAo 

(XV) (XVI) (XVU) 



wherein R 41 represents an alkyl group which may have a substituent, a cycloalkyl group which may have a sub- 
stituent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; R 42 rep- 
resents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent or a 
haloalkyl group which may have a substituent; A 5 represents a single bond, a divalent group selected from an 
alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a 
substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, 
each represent a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cy- 
cloalkylene group and an arylene group, each of which may have an ether group, an ester group, an amido group, 
a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, 
a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl group 
which may have a substituent. 

The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) has at 
least one of repeating units represented by the following formulae (I) to (III) and at least one of repeating units 
represented by the following formulae (IV) to (VI): 




CH-h 

CH 2 CF 3 
T-O-R5 
CF 3 



(TV) 




0-R 5 



(VJ) 



wherein R 0 and R 1 each represent a hydrogen atom, a fluorine atom, an alkyl group which may have a substituent, 
a perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; R 2 to R 4 each represent an alkyl group which may have a substituent, a 
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perfluoroalkyl group which may have a substituent, a cycloalkyl group which may have a substituent or an aryl 
group which may have a substituent; or R 0 and R 15 R 0 and R 2 or R 3 and R 4 may be combined with each other to 
form a ring; R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group 
which may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl 
group which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , 
which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may 
have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group which may have a 
substituent; R 9 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent or a haloalkyl group which may have a substituent; A 1 and A 2 each represent a single bond, a divalent 
group selected from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each 
of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be 
the same or different, each represent a single bond or a divalent group selected from an alkylene group, an alke- 
nylene group, a cycloalkylene group and an arylene group, each of which may have an ether group, an ester group, 
an amido group, a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent 
or an aryl group which may have a substituent; and n represents 0 or 1 . 

The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) has at 
least one of repeating units represented by the following formulae (IV) to (VI) and at least one of repeating units 
represented by the following formulae (VIII) to (X): 



R 9 

-f CH 2 'CH-)- /\ _{- CH2 . c _|_ 




CH 2 CF 3 7— V }=0 

i-o-R 5 q CF 3 

(IV) 



CF 3 

(V) (VI) 



Rl3 R,4 
-f-CH-Cp- 



(ViU) 




R 1S 




(R21) 



(X) 



Wherein R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group 
which may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl 
group which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , 
which may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may 
have a substituent, a perfluoroalkyl group which may have a substituent or an alkoxy group which may have a 
substituent; R 9 represents a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent or a haloalkyl group which may have a substituent; R 13 and R 14 , which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a substituent 
or a haloalkyl group which may have a substituent; R 15 represents an alkyl group having a fluorine atom, a mono- 
cyclic or polycyclic cycloalkyl group having a fluorine atom, an alkenyl group having a fluorine atom, an aralkyl 
group having a fluorine atom or an aryl group having a fluorine atom; R 16 , R 17 and R 18 , which may be the same 
or different, each represent a hydrogen atom, a halogen atom, a cyano group, an alkyl group which may have a 
substituent, a perfluoroalkyl group which may have a substituent, an alkoxy group which may have a substituent 
or -CO-0-R 15 ; R 19 , R 20 and R 21 , which may be the same or different, each represent a hydrogen atom, a fluorine 
atom, an alkyl group having a fluorine atom, a monocyclic or polycyclic cycloalkyl group having a fluorine atom, 
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an alkenyl group having a fluorine atom, an aralkyl group having a fluorine atom, an aryl group having a fluorine 
atom or an alkoxy group having a fluorine atom, provided that at least one of R 19 , R 20 and R 21 is a substituent 
other than a hydrogen atom; A 1 and A 2 each represent a single bond, a divalent group selected from an alkylene 
group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may have a substituent, 
-0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or different, each represent 
a single bond or a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group 
and an arylene group, each of which may have an ether group, an ester group, an amido group, a urethane group 
or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl 
group which may have a substituent, an aralkyl group which may have a substituent or an aryl group which may 
have a substituent; n represents 0 or 1 ; and x, y and z each represent an integer of from 0 to 4. 

The positive resist composition as claimed in Claim 1, wherein the fluorine group-containing resin of (A) has at 
least one of repeating units represented by the following formulae (IV) to (VII) and at least one of repeating units 
represented by the following formulae (XV) to (XVII): 



4-CH 2 -ChB- 

CH 2 CF 3 
CF 3 

(IV) 



R 5 




(VI) 



-(-CH 2 -C 



^10 



R42 



R11 (T~ ~T~ ^12 

S— -(-ch 2 -ch)~ -fCH 2 -<H- 

F 3 C-C-CF 3 A b-R 41 As-CN 
°-R 5 ° 



(VII) 



(XV) (XVI) (XVII) 



wherein R 5 represents a hydrogen atom, an alkyl group which may have a substituent, a perfluoroalkyl group which 
may have a substituent, a monocyclic or polycyclic cycloalkyl group which may have a substituent, an acyl group 
which may have a substituent or an alkoxycarbonyl group which may have a substituent; R 6 , R 7 and R 8 , which 
may be the same or different, each represent a hydrogen atom, a halogen atom, an alkyl group which may have 
a substituent, a perfluoroalkyl group wh ich may have a substituent or an alkoxy g roup which may have a substituent; 
R 9 and R 10 , which may be the same or different, each represent a hydrogen atom, a halogen atom, a cyano group, 
an alkyl group which may have a substituent or a haloalkyl group which may have a substituent; R^ and R 12 , 
which may be the same or different, each represent a hydrogen atom, a hydroxy group, a halogen atom, a cyano 
group, an alkoxy group, an acyl group, an alkyl group which may have a substituent, a cycloalkyl group which may 
have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have a substituent 
or an aryl group which may have a substituent; A 1 and A 2 each represent a single bond, a divalent group selected 
from an alkylene group, an alkenylene group, a cycloalkylene group and an arylene group, each of which may 
have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -; R 22 , R 23 and R 25 , which may be the same or 
different, each represent a single bond or a divalent group selected from an alkylene group, an alkenylene group, 
a cycloalkylene group and an arylene group, each of which may have an ether group, an ester group, an amido 
group, a urethane group or a ureido group; R 24 represents a hydrogen atom, an alkyl group which may have a 
substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or 
an aryl group which may have a substituent; n represents 0 or 1 ; R 41 represents an alkyl group which may have 
a substituent, a cycloalkyl group which may have a substituent, an aralkyl group which may have a substituent or 
an aryl group which may have a substituent; R 42 represents a hydrogen atom, a halogen atom, a cyano group, an 
alkyl group which may have a substituent or a haloalkyl group which may have a substituent; and A 5 represents 
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a single bond, a divalent group selected from an alkylene group, an alkenylene group, a cycloalkylene group and 
an arylene group, each of which may have a substituent, -0-CO-R 22 -, -CO-0-R 23 - or -CO-N(R 24 )-R 25 -. 

. The positive resist composition as claimed in Claim 1 , wherein the fluorine group-containing resin of (A) is a resin 
having at least one repeating unit represented by the following formula (IA) and at least one repeating unit repre- 
sented by the following formula (MA): 



(I A) 



hi 

Rsia "52a 
(IIA) 



wherein R 1a and R 5a , which may be the same or different, each represent a hydrogen atom, a halogen atom, a 
cyano group or an alkyl group which may have a substituent; R 2a , R 3a , R 6a and R 7a , which may be the same or 
different, each represent a hydrogen atom, a halogen atom, a cyano group, a hydroxy group, an alkyl group which 
may have a substituent, a cycloalkyl group which may have a substituent, an alkoxy group which may have a 
substituent, an acyl group which may have a substituent, an acyloxy group which may have a substituent, an 
alkenyl group which may have a substituent, an aryl group which may have a substituent or an aralkyl group which 
may have a substituent; R 50a to R 55a , which may be the same or different, each represent a hydrogen atom, a 
fluorine atom or an alkyl group which may have a substituent, provided that at least one of R 50a to R 55a represents 
a fluorine atom or an alkyl group in which at least one of the hydrogen atoms is substituted with a fluorine atom; 
R 56a represents a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group which may 
have a substituent, an acyl group which may have a substituent or an alkoxycarbonyl group which may have a 
substituent; R 4a represents a group represented by the following formula (IVA) or (VA): 




(IVA) (YA) 



wherein R 11a , R 12a , and R 13a , which may be the same or different, each represent an alkyl group which may have 
a substituent, a cycloalkyl group which may have a substituent, an alkenyl group which may have a substituent, 
an aralkyl group which may have a substituent or an aryl group which may have a substituent; R 14a and R 15a , 
which may be the same or different, each represent a hydrogen atom or an alkyl group which may have a substit- 
uent; R 16a represents an alkyl group which may have a substituent, a cycloalkyl group which may have a substit- 
uent, an aralkyl group which may have a substituent or an aryl group which may have a substituent; or two of R 14a 
to R 16a may be combined with each other to form a ring. 

0. The positive resist composition as claimed in Claim 1 , wherein the fluorine group-containing resin of (A) is a resin 
having at least one repeating unit represented by the following formula (IIA) and at least one repeating unit rep- 
resented by the following formula (VIA): 



Rsg 

-|CH 2 -C^- 

(via) 

(IIA) 
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wherein R 5a represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a 
substituent; R 6a and R 7a , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, a hydroxy group, an alkyl group which may have a substituent, a cycloalkyl group which may have 
a substituent, an alkoxy group which may have a substituent, an acyl group which may have a substituent, an 
acyloxy group which may have a substituent, an alkenyl group which may have a substituent, an aryl group which 
may have a substituent or an aralkyl group which may have a substituent; R 50a to R 55a , which may be the same 
or different, each represent a hydrogen atom, a fluorine atom or an alkyl group which may have a substituent, 
provided that at least one of R 50a to R 55a represents a fluorine atom or an alkyl group in which at least one of the 
hydrogen atoms is substituted with a fluorine atom; R 56a represents a hydrogen atom, an alkyl group which may 
have a substituent, a cycloalkyl group which may have a substituent, an acyl group which may have a substituent 
or an alkoxycarbonyl group which may have a substituent; R 17a1 and R 17a2 , which may be the same or different, 
each represent a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a substituent; 

R 18a represents -C(R 18a1 ) (R 18a2 ) (Risas) or " c ( R i8ai) ( R i8a2) ( OR i8a4); R i8ai t0 R i8a4> wnich ma y be tne same 
or different, each represent a hydrogen atom, an alkyl group which may have a substituent, a cycloalkyl group 
which may have a substituent, an alkenyl group which may have a substituent, an aralkyl group which may have 
a substituent or an aryl group which may have a substituent; or two of R 18a1 , R-| 8a 2 and R i8a3 or two of R i8ai> 
R i8a2 and R i8a4 mav be combined with each other to form a ring; and A 0 represents a single bond or a divalent 
connecting group which may have a substituent. 

11. The positive resist composition as claimed in Claim 10, wherein R 18a in formula (VIA) is a group represented by 
the following formula (VIA-A): 



wherein R 18a5 and R 18a6 , which may be the same or different, each represent an alkyl group which may have a 
substituent; and R 18a7 represents a cycloalkyl group which may have a substituent. 

12. The positive resist composition as claimed in Claim 10, wherein R 18a in formula (VIA) is a group represented by 
the following formula (VIA-B): 



wherein R 18a8 represents an alkyl group which may have a substituent, an alkenyl group which may have a sub- 
stituent, an alkynyl group which may have a substituent, an aralkyl group which may have a substituent or an aryl 
group which may have a substituent. 

13. The positive resist composition as claimed in Claim 9, wherein at least one of R 1a in formula (IA), R 5a in formula 
(I I A) and R 17a2 in formula (VIA) is a trifluoromethyl group. 

14. The positive resist composition as claimed in Claim 9, wherein the fluorine group-containing resin of (A) further 
has at least one of repeating units represented by the following formulae (MIA) and (VIIA): 



0— Ri8a6 
RlBa7 



(VIA-A) 




(YU-B) 




(IIIA) 



(VIIA) 
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wherein R 8a represents a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a 
substituent; R 9a and R 10a , which may be the same or different, each represent a hydrogen atom, a halogen atom, 
a cyano group, an alkyl group which may have a substituent, a cycloalkyl group which may have a substituent, an 
alkoxy group which may have a substituent, an acyl group which may have a substituent, an acyloxy group which 
may have a substituent, an alkenyl group which may have a substituent, an aryl group which may have a substituent 
or an aralkyl group which may have a substituent; R 19a and R 20a > which may be the same or different, each rep- 
resent a hydrogen atom, a halogen atom, a cyano group or an alkyl group which may have a substituent; R 21a 
represent a hydrogen atom, a halogen atom, an alkyl group which may have a substituent or a group of -A r CN 
wherein A 1 represents a single bond or a divalent connecting group. 

15. The positive resist composition as claimed in Claim 1 , which further comprises (C) a silicon-based and/or fluorine- 
based surface active agent. 

16. The positive resist composition as claimed in Claim 1 , which further comprises a compound having a basic nitrogen 
atom as (D) an acid diffusion inhibiting agent. 

17. The positive resist composition as claimed in Claim 1 , wherein the acid generator of (B) is a compound selected 
from a sulfonium salt or iodonium salt, which generates a perfluoroalkylsulfonic acid having at least 2 carbon atoms, 
a perfluoroarylsulfonic acid or an arylsulfonic acid substituted with a perfluoroalkyl group upon irradiation of an 
actinic ray or radiation. 

18. The positive resist composition as claimed in Claim 1 , which is used a vacuum ultraviolet ray of not more than 1 60 
nm as a light source for exposure. 
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